


UA 
AUIUMATIC ELECTRIC 


Technical Journal 


WA 


magazine devoted to progress in communication engineering 











Vu this Crise: 
wee 
OF MICHIGAN 
APR 3 0 1952 PAYSTATIONS FOR TEN-CENT SERVICE .. Karl F. Steinhauer 
ENGINEERING 
LIBRARY 


AUXILIARY MANUAL SWITCHBOARDS 
IN STROWGER AUTOMATIC EXCHANGES .... N. Salvesen 


THE VOCON —A SYNTHESIZED CONTROL 
FOR SPEECH LEVEL .... Kenneth W. Jarvis 


ON THE ACCURACY OF 
HOLDING TIME MEASUREMENTS .... Imre Molnar 







Jesued by 


AUTOMATIC ELECTRIC COMPANY 
Chicago, U.5.A. 


and affiliated companies 








Contributors to this issue 


KARL F. STEINHAUER received the degree of Bachelor of Science in Elec- 
trical Engineering in 1932 from Washington University, St. Louis, Missouri. 
His early experience in the communications field dates from 1936 and in- 
cluded work with Southern Bell and three years in the U. S. Army Signal 
Corps in which he became Captain. He entered the employ of Automatic 
Electric Company in 1947, and for some time was in charge of circuit ex- 
planation writing and also acted as instructor in circuit operation for the 
Automatic Electric Training School. Later he was engaged in the engineering 
of automatic central office switching equipment. He is now a member of the 
Circuit Adaptation group. 


N. SALVESEN is a native of Norway, where he attended a school of mechani- 
cal engineering. Coming to Chicago in 1903, he entered the employ of Auto- 
matic Electric Company and was assigned to the telephone department. His 
flair for design led him to seek a technical position, and in 1909 he was as- 
signed to the Drafting Department as mechanical engineer. In 1920, he be- 
came a member of the equipment engineering staff, and for many years 
served in a supervisory capacity in connection with the planning and engi- 
neering of automatic exchange networks. In July, 1951, he was appointed 
staff engineer to work in close liaison with the sales organization on special 
telephone company projects. 


KENNETH W. JARVIS is an electrical engineering graduate of Ohio State 
University. He began his career in 1923 in the service of Westinghouse Elec- 
tric at Pittsburgh, and after that was successively employed in engineering 
capacities by various electronic manufacturing organizations. In 1934, he or- 
ganized his own electronic consulting service in Chicago, which was sub- 
sequently incorporated under the name of Jarvis Electronics Corporation. 
Mr. Jarvis joined Automatic Electric Company in 1948 as manager of the 
Electronics Department which had been newly formed to meet the rapidly 
growing need for a comprehensive equipment and planning service devoted 
to electronic applications in the telephone field. 


IMRE MOLNAR received his first telephone experience in the installation of 
major projects in Europe during the period 1921-25. After graduating in 
Communication Engineering (Berlin, 1930), he became associated with the 
Automatic Electric Group, engaging in circuit design, transmission engi- 
neering and installation. Mr. Molnar joined Automatic Electric Company in 
1937 and for several years served as circuit design specialist. Since 1943, as 
Project Engineer, he has been concerned with general developments in the 
Automatic Electric Laboratories. In 1950, he received the degree of Doctor 
of Philosophy in Electrical Engineering from Northwestern University, Evans- 
ton, Illinois, his thesis being based on his long study of telephone toll traffic. 


Copyright 1952 
By Automatic Electric Company 















Ohe AUTOMATIC ELECTRIC 


TECHNICAL JOURNAL 


A Magazine Devoted to Progress in Communication Engineering 


————— 













Issued By 


AUTOMATIC ELECTRIC COMPANY 


and affiliated companies 








Address all communications to: 1033 W. Van Buren Street, Chicago 7, U.S.A. 





EDITORIAL ADVISORY BOARD 



























K. W. GRAYBILL C. F. FFOLLIOTT A. E. WOODRUFF C. J. DIEHL F. L. KAHN 
R. STEHLIK D. GALASSI W. W. ASHWORTH C. R. HUGHES 
Antwerp, Belgium Milan, Italy Brockville, Canada Toronto, Canada 
L. DEROISY Cc. MIGLIASSO J. S. WADDINGTON 
Antwerp, Belgium Milan, Italy Brockville, Canada 


H. E. CLAPHAM, Editor 





April, 1952 Price: 50 cents per copy Vol. 3, No. 2 





PAYSTATIONS FOR TEN-CENT SERVICE 


By KARL F. STEINHAUER 


NUMBER of new paystation equipment and SYNOPSIS: Commercial considerations 
A design features have been introduced re- of ten cent local service—prepay 
cently by Automatic Electric Company. paystations—circuit and mechanical 
These features, discussed in this article, have been functions—semi-postpay paystations 
devised to meet the needs of telephone companies —five cent and “dime only” service 
authorized by regulatory commissions to increase —toll calls—ten cent conversion kits 
the rate for local paystation calls to ten cents. —general conversion procedures. 
Although the emphasis of this article is on the eee omen tne oan  een eam 


above features, a detailed discussion of paystation 
operation also is presented. Since the amount of 
published information on paystation functioning is 
scant, it seems desirable to treat paystation electri- 
cal and mechanical operation in detail.* 


a prepay paystation, he lifts the handset and then 
must deposit the required coin or coins before dial- 
ing. Depositing a coin causes the paystation relay 
to ground the positive side of the line, setting the 
central office equipment to accept dial pulses. 
With the newly designed prepay paystations for 
ten-cent service, the calling party must deposit ten 
cents before dialing the called number. He may 
do this by depositing either two nickels or one dime. 


Prepay Paystations 
Operation 
When a subscriber desires to make a call from 


4 ; Circuit Details 


* Th's is the first of two articles on paystation equipment. If th 7 | ‘ckels j T 
The second article will describe the prepay paystation the caller elects to use two nickels in a lype 


rep ater, 62-55 Autelco paystation (a typical prepay model, 
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shown in Figure 1), a series of events must ta<e 
place before the customer can dial effective-y. 
Certain of the components which play a part in 
these events are shown in Figure 2 and indicated 
by circled numbers (/) through (6). When the 
handset is removed from the hookswitch, a line- 
finder finds the calling paystation and extends tie 
line to a prepay paystation repeater. The repeater 
seizes a first selector, and the selector returns dial 
tone through repeater capacitors N and P to the 
calling party. 





After the calling party deposits the first nickel, 
in its path down the coin chute, it strikes and 
latches the operating arm of a microswitch (/) 
which short-circuits the dial pulse-springs. Then, 
as it continues downward, it strikes the coin trigger 
which, at (2), removes a 20-ohm shunt from across 
the dial pulse-springs, and, at (3), connects the 
ground-connected coin-relay magnets and restor- 
ing magnet simplex-fashion across the line. This [ff 
additional 1040-ohm path to ground shunts (and ff 
thus decreases the current flowing through) wind- 
ing 7] and increases the current flowing through fF 
winding 2 of repeater differential relay L. Unbal- 
anced, relay L operates and in turn, at (4), op- ff 





Figure |. Type 62-55 prepay paystation, arranged 
for either ''two-nickel" (hence suffix ''55"') or “one 








dime” service. erates relay S$. Relay S locks, and at (5), removes 
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Figure 2. Devices which enforce the deposit of two nickels, shown after one nickel has been deposited, 

The repeater is ready to accept and repeat dial pulses. The paystation microswitch keeps the dial 
pulse-springs short-circuited until a second nickel is deposited. | 2 
| oa 
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Figure 3. The nickel counting “mechanism sub-assembly" for a “dime or two nickel” prepay pay- 
station. Diagrams at right show the two positions of the microswitch operating arm. 





NO NICKEL OR TWO NICKELS DEPOSITED. 
MICROSWITCH CONTACTS ARE OPEN. 










ONE NICKEL DEPOSITED. 
MICROSWITCH CONTACTS 
SHORT-—CIRCUIT DIAL PULSE—SPRINGS. 












the short circuit from the pulse-repeating contacts 
of repeater relay A. 


Figure 2 shows conditions just after the repeater 
has responded to the deposit of the first nickel. ‘The 
repeater is now ready to repeat dial pulses. ‘This is 
to be expected since a change to ten-cent operation 
requires no change in central office equipment 
(which, of course, means no change in paystation 
repeaters). The chute microswitch alone enforces 
the deposit of the second nickel. 


When the caller drops the second nickel, it also 
strikes the operating arm of the microswitch, this 
time disengaging it from the latch, at (6). The 
microswitch then restores, and removes the short 
circuit from the dial pulse-springs. The calling 
party now can dial, and the call is completed in 
the usual manner. 


Mechanical details 


Fivure 3 illustrates the mechanical details of 
latching and unlatching the microswitch operating 
arm. Ihe first nickel slides the operating arm down 
alon’ the edge of the pendulum, pushing it some- 
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what below the pendulum notch. Gravity then 
draws the narrow bottom of the pendulum against 
the operating arm. When the first nickel passes 
beyond the arm, spring tension in the microswitch 
lifts the arm into the notch, where it latches as 
shown in the lower right-hand sketch of Figure 3. 


When the caller deposits the second nickel, it 
strikes the operating arm, pushing it downwards. 
The arm rides along the cam-like surface leading 
out of the notch, and throws the pendulum ab- 
ruptly to the left. As the coin moves on, spring 
tension in the microswitch raises the operating arm 
to normal. By the time the pendulum swings back 
against the operating arm, the arm is above where 
it could re-latch. 


If a dime (or a quarter) is used in a Type 62-55 
paystation, Figure 2 operations (/) and (6) are 
skipped; the pendulum and microswitch function 
only when the nickel slot is used. When a dime or 
a quarter is used for a local call made from a pay- 
station for ten-cent service, the call proceeds essen- 
tially the same as a call made from the familiar five- 
cent paystation by use of a nickel, dime, or quarter. 


[ 39 ] 











nickel" prepay type in center; ‘dime 


The restoring magnet operates in series with the 
coin relay every time the repeater sends coin-control 
current to collect or to refund. On a call made with 
a dime, a quarter, or two nickels, the restoring 
magnet is of no significance. It is important, how- 
ever, after an odd number of nickels has been used. 
One example of the use of an odd number of nickels 
is that of a caller who deposits one nickel, then de- 
cides to abandon the call, and hangs up. While the 
repeater is causing the coin relay to refund the 
calling party’s nickel, the restoring magnet un- 
latches the microswitch operating arm from the 
pendulum. (Autelco paystations are the only pre- 
pay paystations, presently made in the United 
States for ten-cent service, from which the central- 
office repeater equipment can refund a _ lone 
nickel.) Likewise, if a DSA or toll operator re- 
quests, say 15 cents for a call, the odd number 
of nickels deposited leaves the operating arm 
latched in the pendulum notch until the operator 
collects, whereupon the restoring magnet releases 
the operating arm to ready the mechanism for the 
next call. 


[ 40 ] 








only" semi-postpay type at right. 


Figure 4 (center) shows the upper housing of a 
Type 62-55 “dime or two-nickel’ prepay paysta- 
tion with the mechanism of Figure 3 mounted on 
the coin chute. For comparison, a Type 62 five- 
cent paystation upper housing, is also shown in 


Figure 4 (left). 


Semi-Postpay Paystations 
O peration 

In semi-postpay paystation operation, the caller 
dials the desired number before dropping a coin. 
When the called party answers, current on the call- 
ing line is reversed, operating a paystation relay 
which makes the transmitter inoperative. The call- 
ing party can faintly hear the answer of the called 
party, but must deposit a coin to talk and to hear 
the called party at the normal transmission level. 


If the operating company were to permit the 
caller to pay a ten-cent charge with two nickels, 
in many cases an impatient called party might be 
gone by the time the caller deposited his second 
nickel. Therefore, Autelco semi-postpay paysta- 
tions for ten-cent operation are so designed that 
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Figure 5. Coin relay for semi-postpay paystation, 
shown in normal position (armature against core 
of 3,000-ohm coil, and all relay contacts open). 
Arrows locate the spring combinations A, B, and C. 








for local calls only a dime (or a quarter) can be 
used. Toward payment for suburban or long dis- 
tance calls, however, the “dime only” mechanism 
will accept nickels. 


Mechanical details 

Autelco paystation Type 66-C-10 is a typical 
“dime only” semi-postpay paystation. In outward 
appearance it differs from Figure 1 only as to the 
direction card which is that shown in Figure 11. 
The upper housing for Type 66-C-10 is shown in 
Figure 4 (right). 


Figure 5 shows the coin relay for a semi-postpay 
paystation. The coin relay is polarized, but unlike 
the prepay coin relay it lacks a biasing spring, as 
a result of which the armature has no central neu- 
tral position but remains in the position to which 
it was last attracted. The semi-postpay coin relay 
also has three sets of contact springs instead of the 
one set in the prepay coin relay. This coin-relay 
mechanism has been used for many years in semi- 
postpay paystations for five-cent service, and con- 
tinues to be used unchanged in semi-postpay pay- 
stations for ten-cent service. 


A basic “dime only” paystation apparatus, not 
found in paystations for five-cent service, is the 
The 


merely a bent wire which 


“ejector”’. ejector is 








THE 








REGULAR @ 
TRANSMITTER 


OF NORMAL 
| -—— | SPRINGS 
cs - a 


COIN-SIGNAL 


TRANSMITTER * 


DIAL 
PULSE 
SPRINGS 


TYPE 66-C-IO SEMI—POST PAY 





PAY STATION 


protrudes passively into the 
nickel channel of the coin 
chute. If, after the called 











as” 








e 
ae 


-—— - Ww VV 











HOOKSWITCH x 


7 
io MF 
P 


DIAL 
ULSE-SPRING 
SPARK- SUPPRESSION 

APPARATUS 


L2C) 





Figure 6. Semi-postpay circuit conditions during dialing and while awaiting 
answer by called party. The conditions shown also apply throughout a toll call. 


—~ it-— party answers and the cen- 
tral office reverses battery, 
the caller deposits a nickel, 
the nickel will be deflected 

sees into the coin-return chute. 
ae During toll calls battery po- 


larity remains normal and a 
magnet (polarized by a rec- 
tifier ) 
draws the ejector wire- 


automatically with- 


spring from the nickel chan- 
nel. The ejector and its 
withdrawing magnet to- 
gether constitute the “rejec- 





bi tor assembly’’. Figure 4 
- 
(right) shows an upper 


housing with a rejector as- 
sembly mounted on the coin 





chute. 
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Figure 7. Semi-postpay circuit conditions immediately after called party has answered. 








Circuit details 

Figure 6 shows the circuit conditions when the 
calling party takes the paystation handset off the 
hook. The central office supplies battery of “nor- 
mal” polarity (negative on negative line, positive 
on positive line), and we have a direct current 
path (shown in Figure 6 by heavy lines) from 
ground, through the dial pulse springs, transmit- 
ters, induction coil, 78-ohm nickel-ejector remover, 
rectifier, and hookswitch, to battery. The rectifier 
shown in heavy lines is of low resistance to normal 
polarity, and diverts essentially all current from the 
90-ohm coin-relay coil, so the coin-relay armature 
remains in its normal position shown in Figure 5, 
with all its contacts open. 


The rectifier shown dotted is of very high re- 
sistance to normal polarity; nearly all direct current 
flows through the 78-ohm nickel-ejector remover. 
The 78-ohm magnet withdraws the ejector from 
the nickel channel of the coin chute. Although this 
is of no significance on a local call, a later para- 
graph discusses its importance on toll calls (includ- 
ing inward collect toll calls to the paystation). 


{ 42 ] 


Dial tone from the central office, by-passing the 
impedance of the 78-ohm coil, reaches the cus- 
tomer through the 8.2-ohm resistor and the 2.5 mf. 
capacitor. 


During dialing, the dial off-normal springs shunt 
the receiver heavily, and place an 8.2-ohm shunt 
around the transmitters, induction coil, rectifiers, 
and magnets. This enables clear-cut dial pulses to 
be sent out, and retains for paystations users the 
advantages of the quiet Automatic Electric Com- 
pany Type 51 dial, because the low-resistance shunt 
also releases the 78-ohm nickel-ejector remover so 
that it cannot clatter in step with the dial pulses. 


After dialing, the customer hears busy tone or 
ring-back tone through the 8.2-ohm resistor, the 
2.5 mf. capacitor, and the induction coil. 


When the called party answers, the connector 
reverses battery to the paystation (Figure 7). Now 
the rectifier which formerly rejected direct current 
and sent it through the 78-ohm coil, admits the cur- 
rent through itself, de-energizing the 78-ohm mag- 
net, so that the ejector snaps back into place, 
blocking the nickel channel. 
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Figure 8. Semi-postpay operation. Dime has been deposited; parties converse. 

















The rectifier which formerly shunted heavily the 
90-ohm coin-relay operating magnet presents very 
: high resistance to reversed polarity; essentially all 

direct current flows through the 90-ohm coil. The 
90-ohm magnet operates the coin-relay armature, 
t which closes spring combinations A and C. Con- 
t tacts C connect the 3,000-ohm coin-relay restoring 
‘ magnet across the hookswitch for use later, at the 
end of the call. Contacts A short circuit the trans- 


e mitters so the caller cannot be heard, and put a 

I- 30-ohm shunt across induction-coil winding 1-2, so 

it impairing its effectiveness as a transformer that the 

0 caller hears only faintly the answer of the called 

S. party and cannot successfully use the receiver as a 
transmitter. 


Now the calling party deposits a dime. The dime 
strikes the coin-relay coin trigger, shifting a me- 


“ chanical linkage which opens contacts A and closes 
- contacts B, bringing about the circuit conditions 
rt shown in Figure 8. Contacts A remove the impair- 
r ments of the transmitter and receiver, permitting 
r- con\ersation, and contacts B short circuit the coin- 
e control devices to minimize attenuation. The par- 


ties -onverse. 
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Since it is generally expected that the calling 
party will hang up first, Figure 9 has been drawn 
to illustrate this condition. The hook-switch re- 
moves a short circuit from the 3,000-ohm coin-relay 
restoring magnet. With reversed polarity on the 
line, the 3,000-ohm magnet merely repels the coin- 
relay armature. Also the 3,000 ohms keep con- 
nector relay A operated. (With the called tele- 
phone in “off-hook” position, the calling party thus 
is protected against unintentional cut-off if he 


were to strike the hookswitch accidentally. ) 


When the called party hangs up, connector relay 
A sends current of normal polarity through the 
3,000-ohm coin-relay restoring magnet. The 3,000- 
ohm magnet then attracts the coin-relay armature, 
restores it to normal, and opens spring combinations 
B and C. Contacts C open the line, releasing the 
connector which in turn releases all other central 
office equipment. Contacts B remove the short cir- 
cuit from the other coin-control devices in the 
paystation, readying the paystation telephone in- 
strument for the next call. 







































































TYPE 66-C-1I0 SEMI—-POSTPAY CONNECTOR PARTS OF 
PAY STATION CALLED 
TELEPHONE 
93 neh Bie Lit—) “ 
# ine it 
- oo ia RINGER 
3 — | 8 (IF USED) 
| L 
am ane dpa 
“A, 
“REVERSED” POLARITY 
1. 7 ye 
Tio 
4 if 
ie 


Figure 9. Semi-postpay operation, Calling party has hung up; called party still on line. 








Toll calls 


Semi-postpay paystations always reach CLR, in- 
formation, and assistance operators through the 
‘“non-reverse access” of trunk circuits, so that when 
the operator answers the caller need not deposit a 
coin to converse with her. This is true not only in 
five-cent service but also in the new ten-cent service. 


Throughout a toll call, the circuit conditions are 
those shown in Figure 6. Polarity remains normal, 
and the 78-ohm magnet is energized continuously, 
holding the nickel ejector withdrawn throughout 
the call. 


If the call is to a nearby point for which the 
charge is, say, 15 cents, when the operator requests 
this amount and the customer deposits it, the nickel 
ejector is absent. The nickel or nickels used roll 
right down the coin chute, strike the nickel gong 
and the coin trigger, and fall into the coin recep- 
tacle like other coins. (Because the coin-relay arma- 
ture is still in its normal position, the coin trigger 
re-sets itself immediately.) Transmission is through 
the 8.2-ohm resistor and 2.5 mf. capacitor of Fig- 
ure 6. 


[ 44 ] 


Because springs C’ are not operated at any time 
during the toll call, the 3,000-ohm restoring magnet 
is not connected across the hookswitch springs. 
Therefore the paystation user can flash the opera- 
tor, and she receives the disconnect signal promptly 
at the end of the call. 


Conversion Kits 

For conversion to ten-cent operation, operating 
companies need not buy entirely new paystations 
nor even new upper housings. 


Prepay 

Figure 10 shows a parts kit to convert an earlier 
five-cent Type 62 paystation to the “dime or two- 
nickel” Type 62-55. This kit includes the two- 
nickel mechanism of Figure 3, plus a seventh pair 
of contacts to connect the restoring magnet 
mounted on the upper housing to the coin relay 
on the backplate, a compact “armature” lamina- 
tion assembly to reduce the size of the induction 
coil, and a new coin chute. Only a new direction 
card, the jack-strip terminal assembly, and_ the 
pendulum-microswitch-magnet mechanism sub-as- 
sembly will be needed to convert a five-cent Type 
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Figure 10. Typical parts kit for converting five-cent prepay 
paystation to "dime or two-nickel” operation. 


62-C paystation to ten-cent operation. The suffix 
“C” designates paystations for five-cent operation 
now leaving the factory with newly designed in- 
duction coils and coin chutes. 


Parts kits for converting to “dime or two-nickel” 
operation are also available for automatic paysta- 


tions Types 34A9, 50, 75, 76, 92, and 150. 


Semi- post pay 
Figure 11 shows a parts kit to convert an earlier 


five-cent paystation to “dime only” operation. It 
includes the rejector assembly of Figure 4 (right), 





a double rectifier assembly for the 78-ohm and 90- 
ohm magnets, a seventh pair of contacts to connect 
the 78-ohm magnet mounted on the upper housing 
to the coin relay on the backplate, a compact 
“armature” lamination assembly to reduce the size 
of the induction coil, a chute cover, and a dial. 


Circuit and apparatus peculiarities of some semi- 
postpay paystations require the use of a new dial, 
which has five off-normal springs (two more than 
a standard dial). The two added springs are used 
to short-circuit the 78-ohm magnet during dialing. 
(Although a new dial may be required when con- 
verting some five-cent paystations to ten-cent serv- 
ice, the standard dial removed from the five-cent 
instrument is by no means wasted. It goes into the 
company’s stock of repair parts for regular non- 
paystation telephones. ) 


The new dial, however, is not always required. 
Some paystations, like Type 66-C-10 shown in Fig- 
ures 6 to 9, have the standard dial with three off- 
normal springs, and use the low-resistance shunt 
to release the 78-ohm magnet so it won’t clatter 
during dialing. 


To convert newer five-cent Type 66-C paystations 
bought recently or hereafter, only a new direction 
card, jack-strip terminal assembly, and _ rejector 
assembly will be needed, as all paystations now 
leave the factory with newly designed induction 
coils and coin chutes. 








en 





Figure I1. Typical parts kit for converting five-cent semi-postpay paystation to "dime only" operation. 
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Parts kits for converting to “dime only” opera- 
tion are available for paystations Types 34A11, 
34A11-N1, 66, 96, 750, and 751. 


Conversion Procedure 


When a telephone company converts present pay- 
stations to ten-cent operation, changes in the upper 
housing should be made in the shop so that the 
mechanism can be properly checked and tested. 
Some companies establish a stock of converted 
upper housings in order to spread the conversion 
of their paystations over an extended period of 
time. Then, after a number of upper housings 
have been converted, they are exchanged in the 
field for unconverted housings, which are brought 
to the shop for conversion. This minimizes the 
length of time that a paystation is out of service. 


Converting a paystation “lower half” (the part 


fastened to the wall) consists primarily of attach- 
ing and connecting an auxiliary contact assembly, 
plus making a few wiring changes. In almost ail 
cases this can be done with screw driver and pliers, 
without use of a soldering iron. 


On the day of the actual cutover to ten-cent oper- 
ation, after the upper and lower paystation housings 
have been converted, plant crews need spend only a 
moment at each paystation in order to convert it to 
ten-cent operation. In the case of prepay paysta- 
tion conversion, they merely connect the micro- 
switch leads to the upper-housing terminal strip and 
change the direction card. In the case of semi-post- 
pay conversion, the plant crews change the direc- 
tion card and remove a toothpick from the rejector 
assembly. (In order to accept nickels while the 
five-cent rate remained in effect, a toothpick had 
previously been inserted in the rejector assembly. ) 
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AUXILIARY MANUAL SWITCHBOARDS 
IN STROWGER AUTOMATIC EXCHANGES 


By N. SALVESEN 


various types of manual positions are required 

to perform such special services and operating 
functions as cannot conveniently be completed by 
means of the automatic switching equipment. Toll, 
assistance, information, repair and test are typical 
of these special services which are handled on man- 
ual positions especially designed for these purposes. 


g attended automatic telephone exchanges 


The types and number of such manual positions in 
a particular exchange will depend on the size of 
the exchange and whether the positions serve a 
single office exchange or a multi-office network. 
The purpose of this article is to describe the more 
commonly used of these special manual positions 
and to show how they relate to the automatic 
equipment. 


The Toll Board 


The primary function of the toll board is to re- 
ceive and record toll calls from subscribers in the 
automatic exchange and its tributaries and to ex- 
tend these calls to subscribers in distant towns and 
cities. The toll board is also used to extend incom- 
ing calls from subscribers in distant towns and 
cities to subscribers in the automatic exchange and 
its tributaries, and to switch through incoming 
calls to other toll centers. 


Other related services which may occasionally be 
handled on the toll board, depending on the size 
of the exchange and on local requirements, include: 


Service on rural lines and paystation lines, 
if for various reasons they are not auto- 
matically operated. 

Service on common battery lines for exten- 
sive toll users. 

Information service. 

Repair service. 

Intercepting service. 


‘hen a subscriber wishes to place a toll call he 
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SYNOPSIS: Functions of auxiliary 
service positions — foll boards, cord 
and automatic types — chief oper- 
ator’s turret — information desk — 
testing equipment — foll test panels 
— service observation turret. 





dials a special code, usually “0” or “110”, which 
signals a CLR (outward) operator who answers 
the call. After obtaining the required details of the 
call, and preparing the customary toll ticket, the 
CLR operator completes the call at once, if it is 
at all possible to do so. The call may be completed 
over a ring-down toll line to the distant exchange, 
or it may be completed by direct dialing of the 
directory number of the called station, if the 
distant exchange is automatic. If for any reason 
it is not possible for the CLR operator to complete 
the call, she will forward the toll ticket to a TX 
operator who will handle the call on a delayed basis. 


Inward toll calls over ring-down toll lines are 
completed by the toll operator by dialing over a 
special train of switches, generally referred to as 
the toll train. This train of switches provides flash 
busy signal to the toll operator and busy tone to 
the calling party when the called line is busy. In 
addition, it also provides the customary supervisory 
signals as required by the toll operator. On in- 
coming toll calls completed through the inward 
positions, the ringing is usually immediate (auto- 
matic). However, the toll train is arranged for 
either immediate ringing or for operator controlled 
ringing. Inward toll calls over toll circuits equipped 
for inter-toll dialing are dialed direct by the dis- 
tant toll operator, except for special calls which 
may have to be routed either to the inward or to 
the TX operator for completion. Immediate ring- 
ing is always used on inter-toll dialed calls. 
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Figure |. Cord Type Toll Board. 








Toll boards manufactured by Automatic Elec- 
tric Company are of two principal types: cord type 
and automatic. 


The cord type toll board uses conventional cords 
and jacks for setting up and extending connections. 
The board may be equipped either with dials or 
with keysenders for dialing inward calls, and for 
dialing distant stations over inter-toll dialing cir- 
cuits. A typical cord type toll board is shown in 
Figure 1.! 


The automatic toll board renders the same toll 
services as the cord type board, but performs the 
switching and completing operations of toll calls 
by means of automatic switches in place of plugs 
and jacks. Incoming trunks and toll lines are ter- 
minated on linefinders, which extend incoming 
calls to idle operators. For outgoing service, the 
outgoing trunks and toll lines are terminated on 
the banks of toll line selectors. By means of key- 
senders the toll operators dial and extend outgoing 
toll calls via the toll line selectors to distant stations. 


1. For a description of a modern cord type toll board see 
“The Automatic Electric Cord-type Toll Switchboard”’, 
by R. C. Chock. The Automatic Electric Technical 
Journal, October, 1949. 
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In the same manner, the toll operators also ex- 
tend incoming toll calls to local stations over the 
toll train. 


Some of the outstanding features of the auto- 
matic toll board are: faster operation; automatic 
distribution of calls to idle operators; and ease and 
simplicity of operation, which enables operators to 
work with less fatigue since there are no cords and 
plugs to manipulate. Figure 2 shows a typical auto- 
matic toll board.* 


Both types of toll boards described above may, 
as required by operating conditions, be arranged 
to be operated on either a “universal” or a “segre- 
gated” basis. Under the universal method of oper- 
ation all positions are equipped to handle all classes 
of toll calls. Under the segregated method of opera- 
tion the three principal classes of services, namely: 
Inward and Through; CLR; and Delayed (TX) 
are handled on separate positions. For night serv- 
ice the various classes of toll calls may be grouped 
into one or more night positions. The segregated 
method of operation is generally best suited for 


2. For further details, see Automatic Electric Company's 
Bulletin 361. 
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Figure 2. Automatic Toll Board. 











larger installations, while the universal method of 
operation more practically meets the operating re- 
quirements for small or medium sized toll boards. 


Chief Operator's Turret 


Operating companies often find it desirable, par- 
ticularly in connection with toll boards of large 
size, to provide a chief operator’s turret, in order 
to enable the chief operator to monitor and to 
perform other supervisory functions. These turrets 
are generally of the one-panel or two-panel type, 
depending upon the amount of equipment to be 
mounted. They are designed to mount on a flat 
top office desk, as customarily used by the chief 
operator. 


The equipment included in the chief operator’s 
turret varies somewhat, depending upon the spe- 
cific requirements of the telephone company. It 
generally includes facilities for such functions as 
monitoring; two-way trunks to toll board; two- 
way dial trunk to automatic equipment; verifica- 
tion trunks; and a multiple of supervisors’ circuits. 
In addition the turret may also be equipped for 
oth-r special services as deemed essential by the 
tek ohone company. 
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The Information Desk 


Information service generally comprises the re- 
lated services of local information, toll information, 
rate and route, inter-toll information, and intercept- 
ing. Repair information is also provided when a 
separate repair clerk’s desk is not furnished. 


In medium and large sized exchanges, informa- 
tion service is usually handled on a separate in- 
formation desk. In small exchanges this service 
is often handled on the toll board; or, in combina- 
tion with other manual services, it is occasionally 
handled on a small, key type turret. 


Several types of information desks are available. 
The one perhaps most frequently used in Strowger 
exchanges is the Type 3 Information Desk illus- 
trated in Figure 3. This desk is manufactured in 
one-position units, which, when a plurality of posi- 
tions are required, may be located on the floor in 
such a way as to afford maximum availability of 
the card files. The card file arrangement is illus- 
trated in Figure 3, which shows a lineup of a four- 
position information desk consisting of four one- 
position units. 


The incoming trunk circuits are terminated on 
the information desk on keys and associated signal 
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Figure 3. Type 3 Information Desk. 





lamps, conveniently located on the top of the desk. 
For local information calls, the calling subscriber 
dials a special service number, such as “13” or 
“113”, which selects an idle information trunk and 
signals the operator in the usual way. The operator 
answers the call by operating the “talk” key asso- 
ciated with the selected incoming trunk, and com- 
pletes the call by giving the calling party the de- 
sired information. Incoming information calls from 
toll, intercept, etc., are similarly handled. Incoming 
calls to the Type 3 Information Desk cannot be 
extended by the information operator. Transfer keys 
are ordinarily provided for transferring information 
services from the information desk to the toll board 
at night or during other periods when the informa- 
tion desk is not staffed. 


The Type 3 Information Desk is primarily in- 
tended for use with rotary files, but may also, if 
desired, be used with book style information records. 
Since the keys are mounted in a shallow “well”, fit- 
ted into the keyshelf of the desk, there will be no 
interference from the keyhandles, as the tops of 
the handles are slightly below the top surface of 
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the keyshelf. 


Another type is the Automatic Information Desk 
in which the incoming trunks are terminated on 
the banks of Strowger type linefinders. ‘Through the 
operation of the linefinder the calling trunk is ex- 
tended to the operator’s position. Here each line- 
finder (link) terminates on a key together with 
associated pilot and supervisory lamps located in a 
turret directly in front of the operator. In order to 
enable the operator to recognize the type. of call 
which she is answering, the desk is equipped with 
identity lamps. Each time an operator answers a 
call, the appropriate identity lamp will glow, indi- 
cating to her the type of call (local information, 
toll information, intercept, etc.) which she is 
answering.® 


There is also available a cord-type which usually 
is supplied when it is desired to extend information 
and intercepted calls. This desk has a flat top, with 
3. For further information, see ““The Automatic Informa- 


tion Desk”, by H. W. Balzer. The Automatic Electric 
Technical Journal, April, 1949. 
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Figure 4. Typical Repair Clerk's Desk. 











the jacks and lamps mounted in a low turret, di- 
rectly in front of the operator. Incoming calls are 
answered and extended by means of cords and 
plugs in the conventional manner. 


The Repair Clerk's Desk 


In large sized Strowger Automatic offices, repair 
service (complaint) is generally handled on a spe- 
cially designed repair clerk’s desk. This desk con- 
sists of one or more operators’ positions, generally 
referred to as the “writing shelf’, since the repair 
clerk’s duties are mostly clerical. It also includes 
one or more card compartment units for filing the 
record cards used by the repair clerk. The number 
of compartment units required depends upon the 
total number of cards that must be accommodated. 
Each compartment has a capacity of approximately 
9000 to 14000 cards depending upon the size and 
thickness of the card. 


A typical one-position repair clerk’s desk is shown 
in Figure 4. The keys and associated signal lamps 
fc» the incoming trunks to the desk are mounted 
o» one side of the writing shelf in order to provide 
a'.ple space for writing. For repair service the 
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calling subscriber is required to dial a special serv- 
ice code such as “14” or “114”. This signals the 
repair clerk who answers the call and handles the 
complaint in the usual manner. 


At night, or at other times when the repair 
clerk’s desk is not staffed, the incoming trunks are 
generally transferred to the test desk or when the 
test desk is not staffed, they are transferred to the 
toll board. Since repair services and local testing 
are Closely related from an operating point of view, 
it is generally preferred to locate the repair clerk’s 
desk close to the test desk. 


Local Testing Equipment 


To permit carrying out the important function 
of outside plant testing in Strowger Automatic tele- 
phone exchanges, several types of testing equipment 
are available. The particular type of testing equip- 
ment to be selected for a specific installation de- 
pends largely upon the size of the telephone ex- 
change, and the extent to which testing shall be 
done. 


In small, unattended exchanges, a portable type 
“Wire Chief’s Test Unit” is generally found to be 
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Figure 5. The Type 2! Testing Turret. 


adequate. This unit provides all of the facilities 
necessary for making accurate line tests as required 
for detecting various kinds of line trouble. The 
unit is equipped with a high grade voltmeter, and 
associated test keys, as required for performing 
tests for grounds, crosses, short circuits, opens, etc. 
These tests are made in a simple, direct manner 
without the need for complicated calculations. 
Being compact and portable the unit may readily 
be mounted on any convenient place, such as a 
wall, a desk, or the Main Distributing Frame. 


For exchanges up to an ultimate of approximately 
1000 lines, the Type 21 Testing Turret (Figure 5) 
is available. The Testing Turret is somewhat more 
elaborate than the previously described Wire 
Chief’s Test Unit. In addition to the line tests as 
provided for with the Wire Chief’s Test Unit, the 
Testing Turret also provides for dial speed test and 
for connecting a howler to a subscriber’s line. It is 
equipped for receiving incoming calls from in- 
spectors, via a selector level. A special service code 
such as “17” or “117”, is generally dialed by in- 
spectors when they wish to contact the test man. 
Connections to lines and trunks to be tested may be 
established from the Testing Turret through the 
main frame by means of test shoes, or they may be 
established by dialing via the test distributor and 
test connectors. 

The Testing Turret is a self-contained unit with 
associated relays mounted in the cabinet. All cir- 
cuits are key ended. Each key is individually 
mounted and conveniently located in the front 
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panel of the turret. The turret is designed fo: 
mounting on a regular flat top desk. 


In exchanges of approximately 1000 lines or 
more, the Type 1 Test Desk is most frequently used 
for local testing. Such a desk is shown in Figure 
6 and may be supplied on one or more positions, 
as required, depending upon the size of the ex- 
change. The desks are so constructed that they may 
be combined to form a continuous line-up, when 
several positions are installed. The Test Desk is 
equally well adapted for use in single offices or 
for centralized testing in multi-office exchange 
areas. When centralized testing is used it is often 
desirable to provide emergency testing equipment 





Figure 6. Type | Local Test Desk. 


in each of the other offices in the network; for this 
purpose the previously described Type 21 Testing 
Turret is well suited. 


The Type 1 Test Desk is equipped for perform- 
ing the customary line tests, dial speed and impulse 
ratio tests, howler and insulation breakdown tests, 
Wheatstone bridge tests, ringing tests, etc. Coin 
collect and refund tests are included when auto- 
matic pre-pay paystations are used. The desk 1s 
further equipped with test lines to the main frame, 
toll board, and toll test panel; with test trunks to 
test distributors and with two-way trunks to other 


desks, as required. The Volt-Ohm-Milliammeter 
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shown in the left-hand panel in Figure 6, with the 
rheostat mounted directly below, is used in making 
the various line tests. At the top of the center panel 
is mounted the dial speed and pulse ratio test meter 
equipment. Directly below the dial testing equip- 
ment are the jacks and lamps associated with the 
trunks to the test distributor, incoming trunks from 
a selector level, test lines to the M.D.F., etc. The 
right-hand panel is generally used for miscellaneous 
test and trunk circuits, as required. 


Inspectors reach the wire chief on the Type 1 
Test Desk by way of incoming trunks from a selec- 
tor level, using a special service code, such as “17” 
or “117” as with the Testing Turret. The line and 
trunks associated with the Type 1 Test Desk are all 
of the jack-ended type. The associated relay equip- 
ment is mounted on a swinging relay rack located 
within the desk. 


In smaller automatic exchanges using the Type 
1 Test Desk it is often found advantageous to com- 
bine repair service with testing, and to handle both 
of these services on the Test Desk. This can eco- 
nomically be done when the repair traffic is too low 
to warrant a separate Repair Clerk’s Desk, and 
when this traffic can be handled on the Test Desk 


without requiring an additional test position. 


When repair is combined with testing, the Test 
Desk remains essentially the same as when used 
exclusively for testing except for the addition of 
the repair service trunks. These trunks are most 
frequently of the key-ended type and the keys and 
associated signal lamps are mounted in the right- 
hand panel of the desk. It is the general practice 
to assign a separate special service code such as 
“14” or “114” for repair service. This requires a 
separate group of trunks from a selector level. 


Toll Test Panels 


While it is possible to provide toll line testing 
facilities in the Type 1 Test Desk on a limited basis 
when only a few toll lines are involved, it is gen- 
erally found to be more desirable to provide sepa- 
rate test panels for toll line testing. These panels 
may be equipped for toll testing alone, and when 
so equipped they are used in conjunction with the 
Type 1 Test Desk which is used for the local test- 
ine. Toll and local testing are often combined in 
whit is generally termed combined toll and local 
tes. panels. When this is done the Type 1 Test Desk 
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is not required. In larger exchanges separate toll 
test panels are most frequently used, while in me- 
dium sized installations the combined toll and local 
type is preferred. 


The toll test panel includes facilities for all of 
the tests customarily required on toll circuits, such 
as signaling with 20-cycle, 135-cycle and 1000- 
cycle ringing current; talking to attendants at dis- 
tant exchanges; trouble tone; trouble test with volt- 
meter and 150-volt test battery. Wheatstone bridge 
testing is also provided when precision measure- 
ments are required. Equipment for telegraph may 
be provided when this class of testing is desired. 


When toll and local testing are combined, the 
local testing functions are the same as those fur- 
nished in the Type | Test Desk. The panels are so 
arranged that the Wheatstone bridge may be used 
by either the toll or local testing position. 


A typical example of Combined Toll and Local 
Test Panels is shown in Figure 7. At the top of 
the panels, directly below the terminal blocks, are 
mounted the relay equipment consisting of the 
various circuits such as inspectors’ trunks, two-way 
trunks to other desks; trunk to test distributors, etc. 


3 eA Oe 2 ON Oe we 





Figure 7. Typical Combined Toll and Local Test Panels. 
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The toll test jacks are mounted directly below the 
relay equipment and the dial speed and impulse 
ratio test unit is mounted in the lower part of the 
left-hand panel. The various test cords, keys, dial, 
etc. are located in the lower unit of the left-hand 
panel, while the Wheatstone bridge is located in the 
lower unit of the right-hand panel. Terminal blocks 
are provided at the top of the panels so as to fa- 
cilitate easy cabling of the incoming and outgoing 
circuits. 


% 


Service Observation 


Larger telephone operating companies generally 
desire means for ascertaining the quality of the 





Figure 8. Typical Observation Turret. 


service being rendered by its equipment and per- 
sonnel. For this purpose specially designed service 
observing equipment is available. This equipment, 
in a sense, supplements the regular testing and 
routining equipment, to insure the highest possible 
grade of commercial telephone service. 


Service observation consists in general of observ- 
ing a certain number of calls passing through an 
exchange, and systematically recording the results 
of the observation on record sheets prepared espe- 
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cially for this purpose. Observations may be mad > 
on subscribers’ lines, trunks, and toll lines, the main 
objective being to obtain, as accurately as possible, 
a cross-section or sample of the grade of the tele- 
phone traffic flowing through the exchange. 


The service observer’s turret consists of a small 
cabinet designed to mount on a regular flat top 
office desk. In this cabinet are mounted the observ- 
ing, holding and release keys together with the 
related signal lamps. A typical service observation 
turret is shown in Figure 8. Associated with the 
turret (but not shown in the illustration) are an 
operator’s head set and a pen register. The relay 
equipment required for control, pulsing, and line 
or trunk cut-in is mounted on a standard relay 
rack. Service observing equipment is available for 
single office observation, as well as for centralized 
observation in a multi-office network. 


Conclusion 


The foregoing briefly describes the related man- 
ual positions most commonly employed in Strowger 
Automatic telephone exchanges. In many cases 
these positions must, to some extent, be “tailor 
made” to fit the individual requirements of the 
particular exchange. Requirements which in larger 
offices would be handled on separate positions, may 
in the case of smaller offices be combined and 
handled on one or two positions. This is particu- 
larly true in the case of information and intercept 
services which in smaller offices would be handled 
on the toll board, but in larger offices would be 
handled on a separate information desk. In all 
cases, however, these related positions blend into 
the complete exchange or network in such a man- 
ner as to insure smooth handling, not only of the 
automatic local traffic; but also of the many special 
services which require the attention of central of- 
fice personnel. 
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FOR SPEECH LEVEL 


THE VOCON - A SYNTHESIZED CONTROL 


By KENNETH W. JARVIS 


HE Vocon is a comparatively new item in 

the list of devices made available by Auto- 

matic Electric to the telephone and com- 
munication engineering and operating fields. While 
its scope of application has certain commercial 
limits, this device does serve a very useful purpose 
in a number of difficult situations. It is with the 
intent of indicating its area of effective application, 
the magnitudes of its significant parameters, and 
something of the interesting “what makes it tick” 
insides, that this brief paper is offered. 


“Vocon” is a coined word, indicating the most 
elementary consept of the action of the device. It is 
a Voice Operated Constant Output Normalizer. 
Or, in words less likely to confuse, it is a “gadget” 
which in some manner, controlled by the variations 
in the “voice” applied, provides a constant level of 
output in spite of such variations. One is at first 
tempted to confuse this with the so called auto- 
matic volume control (AVC) or automatic gain 
control (AGC) of the ordinary radio or television 
receiver. However, in such radio devices, the auto- 
matic self-adjustment is produced by variations in 
the level of the radio carrier voltage, and not by 
any variations of the percentage of modulation, or 
“voice” level. In certain practices of multichannel 


carrier telephone techniques, a form of similar 


AVC action is provided, and quantitatively de- 
termined by level changes in one of the various 
carrier frequencies present in the system. Even 
more common is the introduction of an unmodu- 
lated “pilot” carrier into and through the channels 
of communication, and system variations in this 
“pilot” effect a gain control which acts on all of 


1. The engineering development of the Vocon as herein 
described is to be credited to Robert Dimmer, of the 
Product Design Section of the Automatic Electric Labora- 
tories, to Leonard Eckmann and Edward Zaruba of the 
Electronics Department, Automatic Electric Company, 
anc to Edmund Ross, formerly a member of that depart- 
me 
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SYNOPSIS: The Vocon defined — 
desirability of constant speech level 
output in telephone-public address 
systems — Vocon operation simul- 
taneously controlled by input and 
output levels to produce constant 
output — use of speech peculiarities 
to effect control favorable to speech 
and discouraging to noise — circuit 
elements and performance curves — 
physical aspects. 


the simultaneous communication channels in a 
common manner. 


The above automatic control methods are im- 
portant system adjuncts when they can be used. 
They do not, however, as does the Vocon, take the 
“voice” signal variation itself as an indication of 
the degree of correction required, and then act 
on that deficient signal to regain the desired levels. 
Due to the very spasmodic and random nature of 
speech, such a correction to a ‘ 
condition can be achieved only by means and 
methods guided by careful application of excellent 
engineering skills!. Thus, when all control must be 
made at voice levels and frequencies, only a device 
equivalent to the Vocon will serve the purpose. 


‘constant output” 


It seems desirable to indicate what that purpose 
might be before any details of the means and 
methods are discussed. For, unless there is a 
purpose, i.e., a need for such a constant output 
“voice” signal, there certainly is no reason even to 
have any means. Further, the character of the 
needs may influence the methods, as indeed they 
did, and by this order of exposition, the elements 
of the engineering solution may appear more apt. 


A constant voice output in a telephone system 
would appear to be a quite beneficial attribute. In 
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view of the difficulty, and hence the cost of achiev- 
ing this end, it seems unlikely that much would be 
done toward so modifying the operation of in- 
dividual subscribers’ telephone lines. There are, 
however, at least two situations where such a de- 
vice as the Vocon can more than pay its way. As 
both of these are similar in one respect, it is prob- 
able that other applications will be found involving 
the same system idiosyncrasies where the Vocon 
may be of use. The two cases to be discussed in- 
volve public address (so called!) and radio tele- 


phone transmission systems. 


The reason for a public address system is to 
make it possible for communication to be spread 
over a wide area simultaneously in order to call 
one individual, who may be temporarily located 
anywhere within that area, or to reach many 
auditors at the same time. In either case, it takes 
a considerable amount of acoustic power to cover 
any relatively large area. Let us suppose that such 
a system is being designed, design in this case 
being someone’s idea as to a good compromise 
between cost and performance. From the sound 
standpoint alone, perhaps a nearly perfect solution 
would be to use a flat sound radiating diaphragm, 
spread uniformly directly above and over the en- 
tire area in question. The sound intensity would 
be uniform at all points. It is realized that this 
flat diaphragm would probably be completely im- 
practical. How could it be mounted? How drive 
the diaphragm? What would it cost? 


Such practical considerations would probably 
decree some sort of high efficiency, high power, 
point source radiator, generally of the voice coil 
driven, conical diaphragm, horn type. Such a 
loudspeaker would enable the other extreme to be 
reached, i.e., a minimum of cost. ‘The loudspeakers 
are presumed to be mounted at such a height that 
the maximum intensity possible is just below the 
pain point. The next loudspeaker is placed at such 
a distance that the sound fields of the two radia- 
tors just meet at the region where the sound level 
is at the threshold of hearing. The area is now 
covered with a minimum of equipment. Unfortu- 
nately, two things immediately happen. First, an 
interfering “masking” sound source moves into the 
area and overrides the address system in the fringe 


,* 


area. (The audience itself is a good example of 
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such a sound source.) Second, the talker at th 
microphone or telephone handset lowers his voic: 
and the area of intelligible sound still further de- 
creases! More sound radiators are necessary to 
override the background noise under low source 
conditions. It might be that there is now provided 
just enough audio amplifier power for all the loud- 
speakers. And sure enough, the next talker to use 
the microphone will have a + 15 dbm bellowing 
voice instead of a —10 dbm whisper, and all the 
amplifiers will overload and distort. ‘This condition 
can be heard in 99 out of 100 PA systems in use 
today, unless an operator is continually in attend- 
ance and very much on the alert. There seem to 
be three choices of action, not including the one 
of merely letting the quality and intelligibility de- 
teriorate: 


First, install amplifiers capable of accepting with- 
out distortion sustained input powers of at least 20 
times the normal average power; 50 times peak 
power is another practical ratio. The cost for a 
100 watt PA system, including power supply, which 
is never called upon to deliver more than 100 watts 
(electrical power to voice coil) might be in the 
order of $750. The cost for the same installation, 
having a capability of 2 KW sustained power or 
S KW peak power, might be $5000. This $4,250 
reason why the first choice has not found general 
acceptance in practice is obvious. 


Second, the next best answer is to have an opera- 
tor “ride the gain”. This answer is not without cost 
either; many times the owner of a small PA system 
rents it out for the XYZ Co.’s annual picnic, ac- 
companying the equipment to “keep it working 
right”—another expression for gain adjusting— 
and receiving insufficient pay for his services. An 
advertisement such as “For Sale Cheap, one slightly 
used PA system”, will often follow. Where such 
operator costs are correctly included, they look 
like very poor economy over the amortization costs 


of a Vocon. 


Third, use a Vocon, which, as will be shown 
later, will hold the output variations to within 
about + 1 or 2 db for an input variation of over 
40 db! Then, the minimum number of loudspeak- 
ers, minimum watts capacity of amplifier equip- 
ment, and minimum cost of power supply may be 


used which will just do the job required. Thus, 
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for all but the very smallest PA systems, the Vocon 
will do a better job of the required level control- 
ling. It is faster and more accurate than any hu- 
man operator, and more economical than over- 
sized amplifiers or the control operator. 


The second broad situation indicated previously 
lies in the application of voice to any carrier or 
radio modulation system. The limit of 100% 
modulation in determining distortion is far more 
critical in such systems than in amplifiers. Any 
transgression beyond 100% is so undesired that 
standards have been set up prohibiting such ex- 
cesses for more than a fractional percentage of 
total time. Continued infraction of these standards 
will give the Federal Communications Commission 
cause to revoke a radio license. On the other hand, 
too low a modulation percentage will cause a radio 
station to have a poor signal to noise ratio in the 
fringe area, which may be half its total coverage. 
Poor signals will affect the listening audience ad- 
versely, and hence also the advertising rates the 
station may charge. The answer to this dilemma 
is to use a human control operator or, perhaps, the 
functions of a Vocon. 


Thus, the general field for application of the 
Vocon lies where input variations are probable, 
as in any telephone or voice using agency, and 
where output variations would produce system in- 
operativeness, or at least impaired performance. 
Such impaired performance will almost invariably 
be caused by high noise levels in the system intro- 
duced after the point of signal injection?. Main- 
taining the signal level at the highest possible con- 
stant value, consistent with the system power 
handling capabilities, by use of a Vocon, will al- 
ways improve the signal to noise performance ratio. 


It has thus been pointed out where and why a 
constant output is desired. A few other system 
singularities and the concomitant requirements 
should be indicated. The provision of a level of 0 
dbm (1 milliwatt into 600 ohms) is common prac- 
tice in the telephone and communication industry, 
and this output should be provided in the Vocon. 
Special conditions may make another level more 
desirable, and the output level should be somewhat 
adjustable. The control device should act quickly 


$$ ae 


2. “hese also include masking sounds (the boiler works! ) 
at receiving point. 
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on level changes so as to avoid any prolonged over- 
load or too long an under normal level output. ‘The 
dynamic range, or short-time transient change in 
voice intensities, should not be decreased by the 
control action in responding to average changes. 
The range of input to be handled may be consid- 
erable, and the control device should have rela- 
tively wide operating limits and, perhaps, some 
adjustment for setting desired limiting conditions. 
The device should be operated by and for voice 
conditions only, and should have, as an inherent 
aptitude, the serving best of the pecularities of 
intelligence transmission by the human _ voice. 
Above all, the device must be stable and reliable, 
so that when a desired set of parameters has been 
established by the provided adjustments, the re- 
sulting operations may be invariant for a_pro- 
tracted period. 
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Figure |. Input Control of Amplifier. 





Some of the circuit operations and details can 
now be considered to verify how well the require- 
ments have been met. The initial stipulation con- 
cerns constant output versus variable input. There 
are two basic methods of attack. Consider Figure 
1. Here the sloping dashed line indicated as 1:1 
shows the output for a noted input with neither 
gain nor loss in the translating device, i.e., a 1 to 1 
compliance. If it is desired to obtain a zero dbm 
output with an input of any value from —20 dbm 
to + 20 dbm, then a gain of at least 20 db must be 
obtained at the time when the input is —20 dbm. 
This amount of gain could be built into the device 
initially. If so, an input of —30 dbm would then 
have an output of —-10 dbm. Under many tele- 
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Figure 2. Output Control of Amplifier. 





phone operating conditions a voice signal of —30 
dbm is not greatly above the customary back- 
ground noise. Although such a signal, amplified 
to —10 dbm, would be useable, it is undesirable 
because of the poor signal to noise ratio. Even in 
the absence of the voice signal, all noise would be 
raised by ten times, the 20 db gain being assumed. 
Hence, it would be preferable to eliminate all out- 
put, voice as well as noise, unless the voice signal 
were at least —20 dbm. 


To obtain such action, some sort of variable gain 
control with zero gain (1.e. 1:1 transfer) at —30 
dbm, and + 20 db gain at —20 dbm is required. 
The resulting output would climb steeply as shown 
by the solid black curve. Now, if this process were 
to continue, the output would climb to abnormally 
high values as indicated by the dashed “Forward 
Action Gain Increasing” curve. To avoid overload, 
some further overriding action is necessary to re- 
duce the gain after its initial rise. ‘The conditions 
determining the point of the initial rise, and the 
point where the control action begins, are set up 
in the little box labeled “Reference and Control”. 
The resulting variation in amplifier gain produces 
an output such as shown by the solid black curve. 
The output is obviously more than the required 0 
dbm over the —20 dbm to + 20 dbm input range, 
but it is difficult to hold the output absolutely con- 
stant, the present example having a peak about 12 
db too high at one point. 


The second type of amplifier gain control which 
might be used is the reverse action gain control 
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of Figure 2. Here the reference and control bo 
cuts the amplifier gain as soon as the required ) 
dbm point is reached. With a high control action 
ratio, only a slight amount of excess beyond the 
desired 0 dbm output can serve to produce such a 
gain control that an almost flat curve, 1.e., perfect 
control, ‘is the result. 


Now, which type of control should be used? The 
nervous system of the human body uses the re- 
verse action type of control, sometimes termed a 
servomechanism. Its inherent accuracy is so high 
that the same muscles which swing a sledge ham- 
mer can also be made to thread a needle. In order 
to get the desired 0 dbm output at —20 dbm in- 
put, with the Figure 2 system, the initial gain 
would have to be increased by 20 db, with the 
signal to noise disadvantage as previously noted. 
There is an even more important limitation than 
this. If the amplifier input-output curve went 
through the point (—20 dbm, 0 dbm), then at 
+- 20 dbm input the gain would have to be de- 
creased by 40 db to maintain the 0 dbm output. 
The system of Figure 2 tends to be unstable and 
“hunt” if: 


a) the required control range is too high, 


b) the attempted perfection of control 
is too close, 


c) the time interval in which control is to 
be effected is made too short. 


The desired range of control is at least 40 db, 
and an output variation of not over 2 db is also 
wanted. Fast action is absolutely necessary with 
voice type of signals. Now, all of these important 
requirements may be met if use is made of both 
types of control stmultaneously! There will be no 
increase in noise at —30 dbm with the forward 
acting control of Figure 1 set as shown. It is abso- 
lutely stable and can be made as fast or slow as 
desired. With the reverse acting control of Figure 2 
“sitting on top” of the curve of Figure 1, the max- 
imum amount of control it need exercise is only 
12 db. With this low required value of control, the 
reverse acting control can be made to operate fast, 
with very high accuracy and with complete sta- 
bility. 


How is the desired variation in gain actually 
produced? In radio AVC and AGC systems it 1s 


THE AUTOMATIC ELECTRIC TECHNICAL JOURNAL 








customary to vary the gain of the amplifier tubes 
by changing the bias so as to operate on the less 
steep portions of the voltage-current curves. This 
means that such curves are not linear, and a signal 
voltage impressed on such non-linear curves pro- 
duces harmonic distortion. In the radio case, such 
tubes are followed by tuned circuits at the funda- 
mental carrier frequency, and these tuned circuits 
eliminate the distorting frequencies. In the Vocon 
case, where the signal frequency amplification is 
controlled, such tube control* cannot be used due 
to the introduction of unwanted harmonics. Resort 
is therefore made to a bridge type of circuit. ‘The 
essential circuit and the resulting operating curve 
are shown in Figure 3. The incoming line is passed 
through a voice frequency low-pass filter to remove 
high frequency unwanted components. A trans- 
former bridge, wound like a hybrid, is used to 
balance the line. The output of the Vocon operat- 
ing with a —10 dbm input and gain control at 
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Figure 3. Hybrid Variable Balance. 





maximum setting is —52 dbm at the balance point, 
while at an extreme unbalance the output is above 
+ 10 dbm. Thus, a control range of over 60 db is 
available. Actually, the limiting values are chosen 
so as to give only about a 45 db range of control. 
This measure is necessary to avoid ever getting 
into the region to the left of the balance point 
where the control system would be unstable. 


The balance and control action is produced by 
the variation of the effective primary resistance of 


—~ 


3. Certain types of automatic audio signal level control 
dev'ces have been built using such tube gain control for 
the’: operating mechanism. Their merit is in a somewhat 
red::ced cost, but the attendant distortion makes the 
dev ce of dubious practical value. 
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the transformer connected to the control tubes. 
The perfect balance resistance is about 75 ohms, 
and as this is too low to be furnished by the 
tubes directly, the desired values are obtained by 
transforming the plate to plate tube resistance by 
the square of the transformer ratio. This trans- 
formation will give the range of values needed as 
shown by the abscissa coordinate. The low AC 
impedance (dynamic resistance!) of the tubes is 
enhanced by the plate to grid feedback capacitors 
provided. These also are involved in the control 
action as will be noted later. 


The increasing gain action is desired on speech 
type of signals only, and two means are provided 
to aid in insuring such action. The first is shown 
in Figure 4, which portrays the effectiveness of 
the “increasing” potentials as a function of fre- 
quency. Note that only frequencies lying in the 
speech range have any appreciable control produc- 
tiveness. This discrimination is accomplished by 
passing the forward acting control voltage through 
a frequency selective circuit peaked at about 1,000 
cycles. The second instrumentality is based on the 
syllabic nature of speech. The voice frequency volt- 
age is rectified to produce a surge of D.C. potential 
on each syllabic utterance. This surge is passed 
through a capacitor before reaching the “increas- 
ing” control. A steady 1,000 cycle tone, although 
producing a large available increasing control volt- 
age, will have no amplitude variation with time, 
and so will produce no control voltage beyond the 
blocking capacitor. ‘The various cutoff levels are 
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set in such a way that it takes from 2 to 3 syllabic 
pulses through the blocking capacitor before a 
sufficient potential is built up to produce “increas- 
ing” action. The decay time constant of the “in- 
creasing” control circuit is set long enough so that 
if a pause is made in the speech, the level adjust- 
ment will remain substantially constant until the 
speech is resumed. Of course, this level should not 





DB RELATIVE OUTPUT 





-30 -20 -0 .¢) +10 +20 
DBM INPUT 


Figure 6. Output vs. Input With Normal Control. 





be held indefinitely, for then in the case when the 
conversation or speech ceased, line hum or back- 
ground noise would remain permanently amplified. 
The holding time is a compromise between this 
pause holdover and undue noise amplification. In 
the Vocon, this period is about eight seconds. 


In case the speech is suddenly decreased to half 
level (instead of ceasing entirely), the gain in- 
creaser will pick up the gain to the constant output 
within about a syllable or two, a negligible loss in 
intelligibility or uniformity. 


If the speech or any other input be suddenly 
increased, the reverse action control will decrease 
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the gain in less than a millisecond. This fast attac.. 
time of about a millisecond is possible (with sta- 
bility!) only because of the cooperating action c: 
both the forward acting and the back acting con- 
trols. Thus, an overload condition will never be 
obtained. In the case of the increased speech the 
“increaser” action elements will be statically oper- 
ating at a different potential point with lower 
forward control gain “increasing”. As before, it 
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Figure 7. Overall Normal Fidelity Response. 





will take a couple of syllables to reach this condi- 
tion, but, during this decreasing “increasing”’ per- 
iod, the reverse acting gain control is instantane- 
ously keeping pace so that the slight readjustment 
is not perceived. 


One interesting trick may be observed in the 
inset circuit of Figure 3. The reverse action feed- 
back control is obtained from the output (before 
the point where the output volume control sets 
the transmission level). This output contains voice 





Figure 8. Vocon — Front View. 
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frequencies. It is not desired that these frequencies 
should reach the bridge balance transformers and 
so modulate or affect the transmitted signal. To 
aid in preventing such action, a push-pull rectifier 
is used so that a given capacitor, producing a defi- 
nite time constant, may be twice as effective a 
filter. Then, in the small circuit shown in Figure 3, 
the added plate to grid capacitors act in the well 
known Miller* manner to increase the effective 
grid capacitance and so produce excellent filter 


4. So called because Miller first pointed out that the 
effective input capacity of a triode vacuum tube ampli- 
fier is equal to the normal grid to ground capacity plus 
an amount equa! to the grid to plate capacity times the 
actual grid to plate amplification. Thus if the tube is 
amplifying by 20 times, an 0.05 mfd. condenser connected 
between the grid and plate will add an equivalent ca- 
pacity from grid to ground of 1.0 mfd. Obviously, this 
value may easily be changed by varying the voltage ampli- 
fication of the tube, thus making possible continuous 
variations in relatively large capacities. In many circuits 
this ease of control makes desired functions possible. 


Figure 9. Vocon — Rear View. 
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Figure 10. P.A. Assembly Using Vocons. 
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action. However, at the quasi-D.C. control voltage 
variation rate, the tube load impedance is low, the 
Miller effect is low, and the circuit time constant 
is much lower than would be obtained with a 
physical capacitor giving the same filtering action. 
Thus, a high attack speed is obtained without im- 
proper filtering. 


Figure 5 illustrates one of the most important 
features of the Vocon. This is the network in which 
the increasing action and decreasing action are 
combined. R, is a very large resistance, and with 
C, has a several second time constant. Ry is much 
smaller than Ry, and Cy, serves as a filter bypass 
for any voice frequencies present on the gain re- 
ducer connection. For relatively steady state condi- 





Figure 11. Vocon Designed as a Small Cabinet Packaged 
Unit. 


tions the resulting gain control voltage is produced 
by the simultaneous currents I, and I, flowing 
through R,. As these currents oppose, any condi- 
tion between maximum and minimum gain may 
be obtained. If a sudden temporary increase occurs 











in the input (perhaps not even speech), then the 
current I, will suddenly increase. Momentarily the 
capacitor C, will bypass the increased current, but 
a voltage will be built up across Ry, which, im- 
pressed on the gain control element, will decrease 
the gain and hold the output constant. If now the 
input suddenly returns to its previous value, the 
impulse voltage across Ry disappears, and the same 
conditions as were formerly had are obtained. 
Thus, the Vocon has “memory” of a steady state, 
and after random sudden input increases are held 
down, the system is restored and the gain has its 
previous and correct value. 


If the increase in level is to be the new steady 
state, the proper voltage will be built up across R,; 
in a few seconds and the Vocon is ready for a new 
memory test. 


Figure 6 shows the final overall controlled input- 
output curve. The control range of about 45 db 
may be shifted down in order to pick up —30 dbm, 
or up to about —20 dbm. The output may be set 
by a level control at any value up to + 10 dbm 
with negligible distortion. Figure 7 gives the normal 
fidelity curve. If desired the passband of the filter 
may be changed to give almost any desired 
audio frequency characteristic. Figures 8 and 9 
picture front and rear views of a Vocon, and Fig- 
ure 10 is a photograph of a PA assembly using 
Vocons for constant level control as furnished for 
use at the three sets of locks of the Panama Canal. 
The Vocon is also available as a small cabinet 
packaged unit as portrayed in Figure 11. 


All tubes used are the 10,000 hour industrial 
type, or are run under conservative operating con- 
ditions for a maximum of service life. Other com- 
ponents of the construction are similarly designed 
for proper operation and maximum reliability. 
Thus, where its use is indicated, the Vocon should 
give long and superior service to the communica- 
tion industry. 
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ON THE ACCURACY OF 





HOLDING TIME MEASUREMENTS 


By IMRE MOLNAR 


T is helpful to an understanding of traffic 
| problems to realize that, fundamentally, tele- 

phone traffic is the sum of accumulated hold- 
ing times of switching channels. Assume, for in- 
stance, that one channel, in a given hour, carries 
15 calls, each of 3 minutes (0.05 hour) duration. 
Since these calls must necessarily be carried by the 
channel consecutively, the total duration of oc- 
cupancy will be 0.75 hour—which is equivalent to 
the statement that the traffic is 0.75 traffic unit 
or that the occupancy of the channel is 75%. 


From this simple statement two important con- 
clusions can immediately be drawn. The first con- 
clusion is twofold: (a) since telephone traffic is 
completely equivalent to the length of occupancy 
of the switching channels, it may be expressed in 
any convenient unit of time; and (b) the same 
trafic or occupancy can be made up of many calls 
of short holding times, or a few calls of long hold- 
ing times, or of any conceivable combination of 
these as long as the sum of the individual holding 
times is equal to the total length of occupancy. The 
second conclusion that can be drawn is that, since 
a channel naturally cannot be occupied for more 
than one hour in any single hour, the traffic 
carried per channel in one hour cannot exceed 
one traffic unit. These considerations apply equally 
to a single channel, or to any one channel in any 
arbitrary grouping of channels, or to the average 
traffic per channel in a group. 


From what has been said so far, it is apparent 
that any measurement of traffic can be reduced 
in the last analysis to the measurement of time, or 
more specifically to the measurement of accumu- 
lated holding times. There are several established 
methods of measuring telephone traffic, the most 
widely used of these being the so-called “switch 
count” method. Although under this generic term 


*4 paper presented at the Fall General Meeting of the 
American Institute of Electrical Engineers at Cleveland, 
C i10, October, 1951. Reprinted by Permission. 
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we shall include variants which differ in proce- 
dure, all are based upon the same fundamental 
principle. As is well known, in the switch count 
method a group of channels is sampled at regular 
scanning cycles to determine the number of chan- 
nels simultaneously occupied at a certain instant. 
If these simultaneous occupancies are _ totalized 
for, say, one hour and the total divided by the 
number of scans, the average number of simul- 
taneously occupied channels during that hour will 
be obtained. It can be demonstrated that this 
average number of occupied channels, neglecting 
some fine points, is numerically equal to the 
amount of traffic carried by the group during that 
hour (traffic density) expressed in traffic units. 
The agreement can be made very close if certain 
rules governing the technique of switch counts and 
the method of sampling are observed. ‘This paper 
deals with some of the refinements in the accuracy 
of traffic observations. 


The scanning during the switch count process 
can be carried out either by visual inspection of the 
number of cord circuits plugged in, or of the 
number of switches in use, or of the number of 
circuit busy lamps lit, etc.; or the process can be 
entirely mechanized by an automatic scanning de- 
vice such as one of the several types of Automatic 
Electric Trafficorders.1 Figure 1 shows a ‘Type 


1. The Automatic Electric Trafficorder, by J. E. Ostline. 
The Automatic Electric Technical Journal, April, 
1948. 
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“C” Trafficorder, and Figure 2 a simplified dia- 
gram of its connections. Whichever method is to 
be used, the basic rules of sampling, as particular- 
ly adapted for switch count methods, apply. 








Figure |. Type "C" Trafficorder. 


From the foregoing discussion, it is evident that 
the switch count process is a particular method of 
time measurement by sampling, and its accuracy 
can be appraised by comparison with direct mea- 
surement of time, as for instance by a clock, using 
this term in its broadest possible sense. We have 
also seen that the amount of traffic is equal to 
the accumulated holding times of individual calls. 
Therefore, if in addition to measuring the traffic, 
we simultaneously count the number of calls car- 
ried by the group of channels under observation, we 
can determine the average holding time by divid- 
ing the traffic by the total number of calls. Con- 
versely, if by some means we have obtained the 
average holding time and the total number of 
calls, the product of the two will give us the total 
amount of traffic. However, the former proce- 
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Figure 2. Simplified diagram of Trafficorder connections. 
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dure, where the traffic and the number of call: 
are measured and the holding time then is direct 
ly determined, is more commonly used in prac 
tice. If the laws governing the accuracy of pe; 
count methods and holding time measurements 
are determined, we have available the necessar\ 
tools by which the accuracy of traffic measure- 
ments can be appraised. The accuracy of peg count 
methods was recently studied and the results 
published by the author,? who found that the 
commonly used peg counting methods provide 
results of an exactness well within the require- 
ments of traffic measurements. 


In 1941, Roger I. Wilkinson of the Bell Tele- 
phone Laboratories published an _ outstanding 
paper® on the reliability of holding time measure- 
ments, using methods of mathematical statistics. 
This paper can be considered as the fundamental 
work for all problems related to switch count 
methods. This, in conjunction with the paper 
quoted in the last paragraph, provides sufficient 
material to permit appraisal of the accuracy ob- 
tainable with switch count programs found in 
practice. Mr. Wilkinson reduced his theory to a 
series of equations, and then developed a number 
of graphs to assist the traffic engineer in devising 
working schedules for sampling holding times. 


As in all sampling processes dealing with ho- 
mogeneous populations the accuracy improves 
with an increase in the number of samples. How- 
ever, a point of diminishing returns will be 
reached, beyond which the improvement in ac- 
curacy becomes so slight that it would not justify 
the expense of further sampling. This is particul- 
arly true when one considers the mechanical limi- 
tations of the sampling procedure, the purpose for 
which the knowledge of the holding time is re- 
quired, and the persistence in the homogeneity of 
the population. 


There are a few simple rules which can help 
to improve the accuracy of the sampling program. 
First, other things being equal, the longest observa- 
tion period should be selected, consistent with the 





2. A Study of Traffic in Automatic Toll Telephone 
Systems, Part 2, pp. 2-27, by Imre Molnar. Northwest- 
ern University Ph.D. Thesis, 1950. 


3. The Reliability of Holding Time Measurements, by 
Roger I. Wilkinson. The Bell System Technical Jour- 
nal, October, 1941. 
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view that enough peri- 
ods must be included so 
that all 


pected major variations are 


known or _ sus- 


represented. Second, if a 
choice 1s available, a short 
scanning cycle will produce 
more reliable results than a 
long one. As a result, for the 
holding times of usual tele- 
phone conversations, a fair 
degree of accuracy can be 
obtained if the scanning 
cycle is not more than one- 
half of the average holding 
time. Third, the first and 
last counts should coincide 
closely with the beginning 
and end, respectively, of the 
observation period; also, the 
intermediate counts, which 
separate scanning cycles, 
should be uniformly spaced. 
Fourth, each count should 
be taken as quickly as pos- 
sible, so that a substantially 
instantaneous reading of 
calls in progress is obtained. 
Fifth, the graphs computed 
for this purpose are, strictly 
speaking, valid only if the 
distribution of the holding 
times around the average 
follows the exponential law. 


However, the graphs are not greatly dependent on 
the form of holding time distribution as long as 
the average call length covers several scanning 
cycles, in which case the graphs can probably be 
used if a slight allowance is made. For relatively 
constant holding times the accuracy can be fur- 
ther improved by choosing the scanning cycle so 
that it will be contained in the average holding 
time approximately a whole number of times. A 
high degree of accuracy can be obtained with rela- 
tively few observations if the scanning cycle is ex- 








Table A. Accuracy of Holding Time Sampling. 
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80.. ee lee Sea SE os ine oh ee _ ft ae 36.794 
90.. «Re 66 oes 3 aaa ES avave's oa Es rs i eee 34.691 
100... j Tes ba wee Pe Gs Ciaca ke’ 19. ST  $  —oagae 32.910 
125... + rere «res i es . 6 awa cf es ll 29.436 
150... . Ske cece BS swe wack Saree eee - YO rere 26.870 
175... reer SS, S's: ho oe 2 See  e aaa 8 24.879 
200.. Se se ES aS a i Se | ae 23.269 
230... | a SO eee WS hs hee ks eee 21.698 
ES | NL 6 5 bib wees 2 a Sf) aa co er 20.410 
300... —  —— eA Sarr as hake os Reseed a oc is 5 18.999 
350... ._ £4 eS oa Os ookens ee > aa 17.589 
400... ¢ > os wae SS toate f Ss ae P< dc eéa 16.455 
450... ~~ Try J Sry Wis i aabes - Je BGG ws o-0es 15.516 
500... . —feee Bee Gi cd whe TS o bawe es See ie Taree 14.716 
550... ~~ Seer i Se Pec kous Se 04k ods Bs ois cede 14.032 
Pe deduchaad 3 Se 3. aes PE a 6 0d oo | ee 13 . 437 
650... Se le A ao 5 abe See =r Pads ccas 12.910 
700... oS anaes DEL a oa wee ES a & bia d4in SERRE 12.437 
800... S  “SSeaerc ob 650m Gs ea cad A os cases ee toot os 11.637 
900... «EN ae wetted PE seo  . [ee ks ass o4< 3 10.968 
1,000... + eee 0 ee 6 SS r fo ee Se 10.407 
1,250... es oie ate NE wats spc Gaickscvea = Soar ff eae’ 9.309 
1,500... i ee a taewes 0 a cf Saree en cas wie Se 8.500 
1,750... 5 ke 0 a He i) ae i Me sa cc es os oe a 7.865 
- Ae Ee i te eht 4 ES Lia wed 5 SCS 7.358 
RS «ste ees i Pee aaa Fe i co Sen 6.860 
2,600... ip AE atiinin tamed ici cern: wave taaawan Deve vewse SF See 6.455 
0 = ele = Tia I S Tt Se gk al ae 6.011 
3,500... <n SRS 6. nae jh Sie 5b = <a 5.562 
RE o rer EE oa wad es 0 3 06dd FO Er 5.201 
4,500... ie | RIES Nb éo0 une Sree | Ss ae 4.904 
5,000... «Ts a wiaon's bane as 8 Serres Sa tf [Saar 4.655 
5,500... ~ Sees I aici isa NS od ok ce 3 ERs = 4.435 
5 ECS Ps 6s cares SS Seer SLA 6 ie ward 5 NS kn, ovis 4.250 
6,500... Ss Aa ce' 6 Be i decwes i lar: 8 DUM. dines 4.084 
7,000... . zee Wa yicwka Ss err LS o o'0u ax 64 was 3.933 
8,000... yy Cee Rie ss cea’ aes op ate RCs Sais bad RS tratx soca 3.679 
ees" of RET es Di ok i NS 7 ae a es a 3.469 
10,000... i “Sere cs Re a os aS b See Rae bs oa o0. Se & . ocas 3.291 

measurement: 


actly equal to the constant holding time. 


\ccording to Mr. Wilkinson, there are three 
pr icipal sources of error, neglecting a few minor 
ones, which affect the accuracy of holding time 
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(a) The homogeneity of sampling processes in 
general; that is, the assumption that the samples 
which have been drawn at random represent the 
characteristics of the population. Error from this 
source can, of course, be reduced by increasing 
the number of samples; 


(b) Errors at the beginning and at the end of 
the observation period, due to observation of calls 
being included at the beginning from the preced- 
ing period, and observation of calls at the end 
which will project into the next period; 


(c) Errors due to the nature of the method 
itself, that is by counting switches in definite 
cycles, as a result of which an exact measurement 
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clock method, or obtained 
Table B. Scanning Interval Corrections. by a switch count proc- 
ess. Table B gives the mui- 
Scanning Average Holding Time in Seconds — 
Interval 10 25 50 75 100 125 150 200 tiplier to the percent error 
in Seconds Multiplier (k) . 
e obtained from Table A 
Nee Se a 1.035.....1.019.....1.031.....1.047.....1.060.....1.075.....1.086.....1.112 due to causes (b) and (c) 
* RRR RR * ES ‘eee 1.049..... 1.061..... 1.076..... 1.088..... 1.114 hich lis 
BS onc tee 1.170.....1.050.....1.039.....1.051..... 1.063... ..1.077.....1.089.....1.115 above, which are peculiar 
phen 1.280..... 1.075..... 1.046..... 1.052..... 1.065..... 1.078..... 1.090.....1.116 ‘tch ha, 
ee cgsubecerenenicns 1.140..... 1.065..... 1.062..... Se 00R:.:.. 1.092..... 1.118 to switch count methods. 
RGIS: 1.220..... 1.091..... yee = eee 1.086..... 1.098..... 1.121 ‘Fes th 
OD. ics veokanntoaddne tence See ee - er 1.088 s i eee 1.124 Table C specines the num- 
SRE ee 1.420..... 1.160..... CS Se = Se yee Pa 1.130 f ob : Ae 
RRR ER AMES oe 1.902..... 2 ee = Tae * NS fF See 1.135 ber of observation periods 
hs dxdcwivewanerddchivesteuuseee 1.246..... . ae as eee 1.125..... 1.140 ook aioe 
| RE eniab pee Sa... Be: ee... <8... 08... require or any desired 
OR. sc avs beni mabieased aeRO a aGae eee tt 2 ~ ee "i eee OE, ia; 1.152 a ia al f 
SEEN RRR eGR LC a kis eRe 1.182... SR GEN, occ 1.159 imit in the percentage o 
S ..s ccnddurdcabaasbank adeeeuaceaereueteres 1.270..... 1.204..... ‘.08..... cee... cs 1.166 1 a 
SRR EAaarer thas Ratha fbead: Yee 1.225..... te ‘age 1.175 overall error if the single 
MA cv sind cn kacinh didcaeeaaabae beater salen RAG 5653 1.248..... 1.209..... 1.190..... 1.182 ‘od ee 
PPR Eaten ID Aine Ri RC TE ype << ee 1.225..... 1.202..... 1.192 period error e 1s obDtaine 
sc haauc sacs gelunDusi tain che naGoeeeeet 1.405..... 1.907... 1.242..... 1.208..... 1.201 , 
Occ ck akbcacgucsabs@nccskes oieniexteashan ieee ces. cs 1.262.....1.232.....1.211 from Table A, and multi- 
a ee ae ee oun ey Suene yaa ae ‘aes 1.282..... 1.249..... 1.221 . 
WN nests cakvkadion sacs tanseduwatotxeswideacekcnmeeseee , Se = ee * ee 1.231 plied by k of Table B. The 
ON ck tb vase hla nace Lake RAGES eee TRE a..... i Seley 1.280..... 1.242 . . 
ON 55 ioc ecah eG Be UG ac Wek oo Ne kik ins 65 CARERA TS EERIE Caan ae <a eae 1.255 basis of Table C is the cen- 
a ge a ae eae es See 6 al 1.20... ee 1.268 . 
ae arto site pe i ea ose Oh ts ea 1.389..... 1.332... 1.280 tral limit law, according to 
RRS ISELES SAREE IE RE Deena cE) Ae Ss oe es aan y Bgee 1.292 . ; 
which, the averages derived 
(1) Obtain per cent error ¢ from Table I for number of calls » included in one observation period and for 
selected confidence P. from groups of n samples 
(2) Obtain multiplier k to e from this table for length of scanning interval and anticipated average holding have a tendency to be nor- 
time. : 
(3) Obtain number of observation periods N required from Table III for ke and for selected over-all per cent mally distributed as the 
secniies number (N) of such groups 
increases, provided that cer- 


tain conditions are satisfied 
as they are in this problem. 


of the holding time of any one call will practical- As an example of the use of this table let us 





ly never be made. 

When the average holding time is evaluated 
from the data of the switch count process, such 
result will be the best estimate for the average 
holding time of the population. However, there 
is a certain amount of uncertainty inherent in 
this value due to the above three causes of error. 
As a result of Mr. Wilkinson’s work this uncer- 
tainty can be estimated, and by extending the 
program to include many observation periods any 
specified degree of accuracy is obtainable. 


Tables “A”, “B”, and “C” were calculated by 
Edward J. Glenner of the Automatic Electric 
Laboratories from Mr. Wilkinson’s equations, and 
are reproduced here for the first time. Table A 
represents the limits of the percentage of error 
(e) in the average holding time which can be ex- 
pected with a given confidence P if n samples are 
drawn in one observation period from any ex- 
ponentially distributed holding time population. 
This table is equally valid whether the holding 


times of the samples are exactly measured by a 
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assume that we devise a switch-count schedule in 
which approximately 1,000 samples are to be ob- 
served in one period, that the scanning cycle is 
10 seconds, and that from some preliminary in- 
formation we know that the average holding time 
is on the order of 125 seconds. We wish to obtain 
from this program an average holding time of such 
accuracy that we may have a confidence P of 0.95 
that the result will be within + 1% of the actual 
value. From Table A we find opposite 1,000 in the 
column for 0.95 an error e of 6.198. In Table B 
we find opposite 10 seconds scanning cycle and in 
the column, for a 125-second holding time, the 
multiplier (k) 1.076 (ek=6.198x1.076=6.67). 
From Table C, opposite 6.5 and in the column for 
1%, we find that 42.3 observation periods are re- 
quired. Interpolating between 6.5 and 7.0 single- 
period error, we conclude that about 45 or 46 
observation periods would provide the desired de- 
gree of accuracy. Had we been satisfied with, say, 
9% accuracy, Table C tells us that two observa- 
tion periods would have sufficed. 
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Table C. Number of Observation Periods Required. 





%, Error Single 


Per Cent Over-All Error (E) 
5 














Observation 0.5 1 2 3 4 6 8 10 
Period (ke) Number of Observation Periods Required (N) 
bdo can wie ake = See 0.640. 0.160.. G.aee..:.. Glee... Bc ee . 0.010.. 0.006. . 0.003. ...0.001 
c¢iesseunctec ae 0.810. 0.203. . 0.090.... 0.051.... 0.032.... 0.023.... 0.013.... 0.008.... 0.004....0.001 
Dace a dcit inet ama 4.00..... 1.00. 0.250. . 5) re Ff 6 le 0.040.... 0.028.... 0.016.... 0.010.. 0.004. ...0.002 
De esnteendteee ee so ae 1.44 . 0.360. . 0.160.... 0.090... 0.048.... 0.040.... 0.023.... 0.014.. 0.006... .0.002 
SAT pes fae 1.96 . 0.490. . 6.358.... ©.368.. 0.078.... 0.054.... 0.031.... 0.020.... 0.009....0.003 
ee. 6 Jha has. 4ke le «kee 2.56 0.640.. 0.284.... 0.160.. Ota ccs “Qileecwcs Gils ces. Gea 0.011....0.004 
CA btenkebsekeey | rr 3.24 0.810. 0.360.... 0.203.. Oy Biles « oD cw Qs ee 0.014....0.005 
fF erry SE whew a 4.00 1.00. 0.444.... 0.250.. 0.160.... O.111.... 0.063.... 0.040.. 0.018....0.006 
OU hiaiin ne ale aaa EE 4.84 1.21 0.538.... 0.303.. O.566:... Qi.... OSes... Oe 0.022....0.008 
SN a ata oe @ a adn BY Bs wis 5.76 1.44 0.640.... 0.360.. 0.230.... 0.160.... 0.090.... 0.058.. 0.026....0.009 
RE ee ere  » P 6.76 . 1.69 Sees... See o.t7e.... OR... OF... Oe. 0.030....0.011 
ee eene aa te st eee 7.84 . 1.96 0.871.... 0.490.. 0.314.... 0.218.... 0.123.... 0.078.. 0.035....0.013 
i asd uh ie thea Ee 9.00 . 2.25 1.00 . 0.563. 0.360.... 0.380.... @.141.... 0.060.... 0.040....0.@14 
I cia a: 2 a ertial ak een Ge aves, 10.9 3.72 . B.ee . 0.681. 0.436.... 0.303.... 0.170.... 0.100.... 0.048....0.017 
SM ak ae a dlee oie oh + as 13.0. . 3.24 . 1.44 . 0.810. 0.518. 0.360.... 0.203.... 0.130.... 0.058... .0.021 
Ct oS ck ke eased aa 16.0... 4.00 . 1.78 . 1.00 . 0.640. 0.444.... 0.250.... 0.160.... 0.071....0.026 
ee vc 966d eéeet + ee = ie 5.06 2.25. = 0.810. 0.563.... 0.316.....0.208.... 0.000....0.0823 
a es tie ead a. seves 25.0 . 6.25 . 2.78 . 1.56. 1.00 . 0.408... @.a08...+ Gar ..- G4.. ..6.68 
es sal da ere ee Se Gosek 30.3. 7.56. 3.36 . ee as 0.840.... 0.473.... 0.303.... 0.134....0.048 
Ce Sek ea te oeurdake 36.0 9.00 4.00. 2.25 .. 1.44 . 1.00 .... 0.563.... 0.360.... 0.160....0.058 
CR alc a acowe 6 ee 42.3 10.6 4.69 . 2.64 .. 1.69 . 1.17 .... 0.660.... 0.423.... 0.188....0.068 
op ere re oe a -séeke 49.0 12.3 5.44 Soe séas:? Bee 1.36 .... 0.766.... 0.400.... 0.218....0.078 
OS Sree ee th aces 56.3 14.1 6.25 . . oo 2.25 . 1.56 .... 0.879.... 0.563.... 0.250....0.000 
SME cle. a'a ees aw eee Pe 64.0 16.0 7.11 4.00 . 2.56 .. > eee © a OOOO 
| ena b rare” a pees 72.3 18.1 8.03 4.52. 2.89 f. ae = ee | Se UlU 
OO are re 81.0 20.3 9.00 5.06 . 3.24 . st Pan + 2a) =—lU Sl OE 
Ce tekéancebcwew ee a) aweas 100 c . aes 6.25 . 4.00. atl ccc. Boe coke BG ecco Sc 
ES Sa bs Wie alesse ani es ae 144 36.0 . 16.0 9.00 . 4.84 . i Jae < Be eee 7 Ue 
Ss ee ae 196 49.0 oe 12.3. 7.84 . Dau occu Gee Seas BOD ccac Wess Cee 
A uae ob Aa dace Sa . “etme 256 64.0 28.4 16.0. 10.2. . Toke cece QHD cove Bee eseve OEE as. DRS 
ER bos 3 Wie ial F = 324 81.0 36.0 20.3. BB. cee DD vec ce Ge cone Bee cose 3.08 5... ee 
DG on8. oid os Ste oo SS hats * 400 100 44.4 25.0 . FS re ao Be sce a SEED 0s08 Bee acc ee 
EES ee ee F 484 121 53.8 30.3. 19.4. 13.4 ae Fe ee ..0.774 
EE gin ae acs a eee a steve 576 144 64.0 36.0. . 23.0 . 16.0 o BR ons s” Bee os. & Bee 460 eee 
DM wy vetoes cnewes ee. serene 676 169 75.1 ae” “<cng Ee 4 cde eee ia.) Pewee F PF 
*AIRREIRARES ey a . ae 784 196 87.1 . ee “wawe ee 3c ae . * Se» eee © OS 
PR ec ivkcawewess ,600_...... 900 225 .100 . 56.3 36.0 .... 25.0 .14.1 4 UE winx > Se so 
i péceedeltee und Game. énce 1,089 272 121 5 Sa ne 43.6 .... 90.3 .17.0 wee: pee 
Cs > ch awan ban en Pee sacees 1,296 324 144 ~~ , oe 51.8. . 36.0 .20.3 P * ee * ee 
RE ie teiuk aaees a. sdese 1,600 400 .178 .100 « GS ues GE ..25.0 ee --udece Bel wince 
RN id one ba deck ale ane. saseee 2,025 506 . 225 .127 Be sre GS eee 1 SRS « O42... Se 
so 4 i ere ok be we eer ‘ 625 278 . 156 .100 . 69.4 ..30.1 . 25.0 a = Gem 
OU ere ee 3,025 756 336 189 .121 . 84.0 . 47.3 —_ ~ Seren ~ eee = 
DE Jaéent oan awe  s a 900 .400 o<e cu . 144 .100 . 56.3 . ae! a fF 
+ acne awaee 3 PE 4,225 1,056 46Y . 264 . 169 .117 . 66.0 42.3. 18.8 ..6.76 
NG itv ohn é woe 19,600 __—..... , oeaneuee 544 . 306 . 196 . 136 .76.6 49.0. FF a 








In his paper Mr. Wilkinson compares his theo- 
retical conclusions with a series of observations 
taken in New Jersey. The tables of this article 
were applied in several traffic studies made by W. 
A. Alden and D. E. Klang of the Automatic Elec- 
tric Laboratories with ‘Trafficorder equipment 
and the resulting accuracy was likewise confirmed 
as long as the holding times were in the usual tele- 
phone conversation range. However, the con- 
venience and accuracy of Trafficorder measure- 
ment encouraged us to measure several special 
types of equipment which had holding times much 
shorter than that of telephone conversations, and 
there some discrepancy was noted. For instance, 
we attempted to determine with a Trafficorder, 
having a ten-second scanning cycle, the average 


4. ‘oll Answering Delays and their Measurements, by 
mre Molnar. The Automatic Electric Technical 
ournal, July, 1951. 
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holding time of translators used in a Director 
system. By preliminary calculations, made from 
the individual operating times of the circuit com- 
ponents, the holding time was estimated to be 
about 400 milliseconds; the results of the Traffi- 
corder observation, however, showed a greater dis- 
crepancy than could have been reasonably ex- 
pected from the accuracy of the preliminary esti- 
mate. The same translator holding time was then 
measured with the aid of the Traffic Delay Regis- 
ter* to a fairly high degree of precision, and found 
to be approximately 100 milliseconds less than 
the holding time obtained from the Trafficorder 
process. Furthermore, by making comparison of 
the two methods on various types of equipment, 
and in a holding time range from 300 to 600 milli- 
seconds, the same discrepancy, that is about 100 
milliseconds, was obtained regardless of the length 
of the holding time or the function of the circuit. 
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By mathematical analysis and subsequent experi- 
mental confirmation, it was discovered that there 
is an additional source of error inherent in switch 
count methods not disclosed by previous studies. 
In order to understand the nature of this error 
more clearly we must first take a closer look at the 
conditions under which switch counts, either visual 
or mechanical, are performed. 


The diagram in Figure 3 shows the occupancy 
of a channel drawn parallel to the scanning process 
of the Trafficorder. In this example the holding 
time of a call extends over approximately two 
scanning cycles and may, of course, start and end 
at any time. For our problem we assume that it 
starts at the point X which is somewhere within 
the scanning interval A-B, but that it did not exist 
at the instant A. We will assume for our present 
discussion that A is the reference point; that is, 
only calls in existence at A should be counted. 


We see now that calis originating between A 
and M will actually be registered by the Traffi- 
corder though they were to be excluded under the 
premises of the switch count method. Their inclu- 


sion will therefore cause positive errors in te 
average holding time resulting from the observ. - 
tion program. A call originating between M and 3 
will not be counted since there is insufficient tim. 


left for the counter to register. 


In addition to this positive error there will also 
be a negative error. In our present example the 
call extends beyond point A’, and it should there- 
fore be included in the scanning interval A’-B’. 
The point Y indicates the termination of the 
call, which will be properly registered if the point 
Y falls anywhere to the right of the point L’. 
If, however, Y falls in the interval A’-L’ it will not 
register, because the call will not be long enough 
for the counter to respond, and, therefore, would 
not be included in the switch count. This failure 
to.register the call will cause a negative error in 
the average holding time. 


It should be noted that these two errors are 
over and above those which occur in sampling and 
those which occur because of other peculiarities 
of switch-count methods. They are due only to 
the necessity of allowing a sufficiently long scan- 
ning interval u for the counter to respond re- 

liably. We may be inclined 





to correlate this error with 

















Figure 3. Generalized sequence diagram for Trafficorder measurements. 
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Si sa . be those arising from the fact 
ie = era 
| | that switches are counted at 
wm a a | finite intervals so that an ex- 
L act measurement of the 
L EE holding time ¢ of any one 
errr efee ‘iin ate call cannot be made since 
-— — — the points X¥ and Y will fall 
J om OS al ui somewhere within the scan- 
A MB AN! cy ning cycle 7. The latter error 


has been completely ac- 
counted for by Mr. Wilkin- 





son in section IV-c of his 
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paper. Our present problem 
represents an error in excess 
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of, and practically independ- 





ent of, those caused by the 
inaccuracy in measuring 
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each call, since the latter 
will always be present re- 





3 





+ be 


A M B 





Figure 4. Sequence diagram for Case 2. 


gardless of whether the scan- 
ning interval uw is finite or in- 
finitely short; (u represents 





the time during which the 
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counter is connected to the 
circuit to be measured, and 


h represents the time requir- 
Pp . q CHANNEL 


xX 


‘gue otiasahaeeds U- utze—+ 
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ed by the counter to re- 
spond.) By extending the 
switch count program we 


can reduce the magnitude of CHANNEL 
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such error, and by taking a 
sufficient number of obser- 
vations we can come as close 


as we wish to the true aver- TRAFFICORDER 
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age holding time. 


On the other hand, as we 
shall see, the magnitude of 
our present error is for all 
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Figure 5. Sequence diagram for Case 3. 





practical applications inde- 





pendent of the number of 
samples taken and _ repre- 


sents an error of a definite CHANNEL 





magnitude which cannot be 
eliminated, however far the 
sampling process is extended. 
Therefore the best approach 


is to treat these two sources 
CHANNEL 
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of error independently; the 
one due to measuring each 
call in finite intervals in con- 
formance with Mr. Wilkin- 
son’s work, by assuming an 


infinitely short scanning in- TRAFFICORDER 





terval; and the other by ap- 
plying a correction accord- 
ing to the method discussed 
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Figure 6. Sequence diagram for Case 4. 








hereunder. 


We shall now make the assumption that calls 
originate at random, which is customary in most 
telephone traffic problems, and also, for the time 
being, that the holding times ¢ are exponentially 
distributed about their average. If the latter as- 
sumption is correct, it is sufficient to insure that 
the probability that a call will terminate at a given 
time is asymptotically proportional to the length 
of the time interval under consideration and is 
independent of the originating time of the call; 
that is, the probability of termination of a call is 
independent of the length of time it has already 
been in progress. These assumptions are considered 
generally true for telephone conversations. It might 
e mentioned here that some advanced studies 


= 
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indicate that these are not necessary conditions 
for a Poisson process to take place, but, because 
they are usually satisfied in telephone traffic, they 
are very helpful in simplifying demonstrations. 


Since calls originate at random, the probability 
that a call will originate between the points A and 
M, if it does originate within the scanning cycle 2, 
is simply (u—b) /i. If this has taken place we have 
added i to the true holding time of this particular 
call; therefore the average positive error on all 
calls will be 1(u—b) /i = (u—b). Since according 
to our second assumption this call may terminate 
at any moment independent of the time it has al- 
ready been in progress, the probability that a call 
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will terminate in the interval A’-L’, if it does 
terminate during a scanning cycle i, will be b/i 
and the resulting negative error will be 1b/i—b. 


The occurrences of positive and negative errors 
are represented by two random variables; there- 
fore the expectation of an error will be the sum of 
their expectations with due regard to the signs. 
Combining the positive and negative errors will 
give us a total error of u—2b. As we now see, this 
error is independent of the holding time t or the 
length of the scanning cycle i, and is completely 
determined by the length of the scanning interval 
u and the counter-response b. Furthermore, the 
above error will completely disappear if the scan- 
ning interval is made equal to twice the response 
time of the counter. 


We may now extend our problem to the con- 
stant holding time case, where all calls have the 
same length. Here calls still originate at random 
as before; however, their termination is no longer 
independent of the time already elapsed. On the 
contrary, by knowing that the call has originated 
at the point X, we also definitely know that it 
must end at the point Y, which by hypothesis is 
distant from X by ¢t (the constant holding time). 


The problem of constant holding times can be 
broken down into five separate cases: 


Case 1: t is less than b. In this case the Traffi- 
corder will not respond at all, but this is of no in- 
terest since, naturally, there would be no attempt 
made to measure holding times less than the mini- 
mum response time inherent in the measuring ap- 
paratus. 


Case 2: t is greater than b but less than 1—u--b. 
This case is illustrated in Figure 4. If X falls be- 
tween points A and M, a positive error u—b will 
be recorded, and there will be no negative error. 
If point Y falls between A’ and L’, a negative 
error b will be recorded. Since these two cases are 
mutually exclusive the total error will be u—2b. 


Case 3: t is greater than i—u-+b but less than 
i—u-+-2b. This case is illustrated in Figure 5. If the 
point X falls beyond point A a positive error will be 
obtained as long as the point Y of the same call 
falls to the left of point A’. The probability of such 
an event is (i—t) /2. A negative error will be re- 


corded if the point X falls between M and B and 
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point Y of the same call falls between points « 
and L’, with a probability of (1-+-b—t—u-+b) 
For any other point of origin no error will be re- 
corded, since the positive errors occuring will con:- 
pensate for the negative error of the same cal. 
Since the probabilities of the positive and negative 
errors are mutually exclusive, the net error will be 
equal to u—2b as before. 


Case 4: t is greater than 1i—u+-2b but less than i. 
This case is illustrated in Figure 6. If point X is 
to the right of A and point Y of the same call is 
to the left of point A’ a positive error will be 
recorded with a probability (7—+t) /z. If point Y 
falls to the left of point M and point Y of the same 
call to the right of point L’ a positive error will 
likewise be recorded with a probability of (f-+-u— 
b—i—b) /i. In all other cases, that is, if Y falls be- 
tween A’ and L’, the positive and negative errors 
compensate each other. The total error will there- 
fore be u—26 as in all the other cases. 


Case 3: t 1s greater than 1. The previous con- 
siderations can readily be extended to the case 
where ¢ is between 7 and i+), that is, a_ positive 
error u—2b will be registered only if a call begins 
to the left of point M and terminates to the right 
of L, with a probability of (u—2b) /i. If t covers 
more than one scanning period 2, it can be con- 
sidered as being made up of two parts: one cover- 
ing exactly one or several scanning cycles for 
which, of course, the correct number of counts 
will be obtained; and the second consisting of a 
fraction of a scanning cycle which will cause the 
same amount of error as those enumerated in the 
preceding three cases. 


The foregoing analysis indicates that the magni- 
tude of the error will be u—2b, regardless of 
whether the holding times are exponentially dis- 
tributed or constant. These two represent ex- 
treme cases of holding time distribution; there- 
fore we may perhaps be justified in concluding, 
without further analysis, that we are facing here 
an error term which is independent of (a) the 
scanning cycle of the traffic recording process, 
(b) the magnitude of the holding time to be 
measured, and (c) the holding time distribution 
about the average. The error is independent of (c) 
since an arbitrary distribution could be considered 
as a step function subdivided into extremely nar- 
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row widths, each such subdivision having a con- 
stant holding time ¢, with an error term independ- 
ent of ft. 


The error factor, is however, dependent on the 
length of the scanning interval u and the response 
time of the counting device b, and can be mini- 
mized by choosing a scanning interval which is 
approximately twice the counter response time. 
The error u—2b should be deducted from the aver- 
age holding time as obtained from the switch 
count process, and the net value should be con- 
sidered as the best estimate for the average hold- 

ing time. 


This error also appears as a variable in the 
sampling process, and the true amount of error can 
be obtained only after a sufficiently large number 
of samples have been observed. Actually, it can 
be represented by a three valued variable, which 
is observed as —z or 0 or +7. Their respective prob- 
abilities, for instance, in the constant holding time 
Case 2, are; b/i, 1—(u/t), and (u—b)/it. The 


standard deviation of each variable is: 





0, = V iu —(u—2b) 


The standard deviation for the other cases can 
be estimated similarly; for instance, for Case 5 the 
probability of an error— is 0, and for + 7 is (u— 


2b) /i: thus: 





0, = V/ (1 —2b)(t—u +2b) 


However, considering the magnitudes of the vari- 
ous intervals of Trafficorders, Case 2 or its “‘har- 
monics” will be most frequently encountered. 


For the exponential case the probabilities for 
—i and +2 are about the same as in Case 2, except 
that an allowance would have to be made for 
those calls where the positive and negative errors 
cancel out. Such calls will start at a point x be- 
tween 0 and u—J, and terminate between i—x and 
i—x-Lb, or between 2i—x and 2:—x-+-), etc., later. 
The probability for such call lengths is: 


P, (e~ @—)/t__9—(§— 4 +0) /ty 4 
(e~ Gta) /t__ p= Gia T0)/8) + ae 


=e*—9/t (4 —eW /N) 704 —e~ @/9) 
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The probability that the errors will cancel out 
will thus be: 


u—b 
f P,dx /i = (t/i)(e*— #1) x 


(1 mg OM) 7g 1) 


For the computation of the standard deviation 
this probability should be subtracted from 6/1, as 
well as from (u—b) /1. However, b/t is usually a 
small fraction, on the order of not more than 1/20, 
and (u—b) /t is likewise small. Thus the above cor- 
rection can be disregarded for most applications; 
the positive and negative errors can be considered 
as essentially uncorrelated; and the standard de- 
viation will be about the same here as for the con- 
stant holding time Case 2. 


The correct procedure would be now to enter 
the above expressions for the standard deviation 
into Mr. Wilkinson’s equations (40) or (42), and 
use the new values to re-calculate Table B. How- 
ever, considering the magnitude of u and 6b for 
Trafficorders, the value for 9% is about 0.23. Since, 
because of the other sources of errors, holding time 
measurement always includes at least several hun- 
dred samples, the accuracy in the holding time will 
be within ten milliseconds due to using the ex- 
pectation u—2b for the constant error term and 
neglecting its own fluctuation in sampling. 


It now remains to verify our theoretical con- 
siderations by empirical evidence. ‘The Automatic 
Electric Type “C” Trafficorder, which was used in 
these investigations, has a scanning interval u of 
167 milliseconds and a response time b of 25 
milliseconds. Therefore we may expect that the 
average holding time, as measured by the Traffi- 
corder, will be u—2b—117 milliseconds too long. 
It will be recalled that actual observations on 
working equipment indicated a discrepancy of 
about 100 milliseconds. 


For further experimental verification the Traffi- 
corder was subjected to a series of tests, in which 
it was connected to a source of artificial traffic 
of constant holding time. In each test about 1,000 
holding times were measured; these varied from 
approximately 0.5 seconds to 15 seconds. Simul- 
taneously, the holding times of the same calls were 
measured to the required degree of accuracy by 
a Traffic Delay Register. The average difference 
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between the holding times obtained from the 
Trafficorder and the Traffic Delay Register was 
found to be 118 milliseconds. The minimum ob- 
served difference was 101 milliseconds and the 
maximum 140 milliseconds. The standard devia- 
tion of the average differences of each test was 
12.8 milliseconds, while the expected standard 
deviation of the same averages from our derived 
formula alone would be 7.3 milliseconds, and 9.0 
milliseconds if the errors in measuring each call 
as well as end effect errors were also included. 
The average standard deviation derived from lots 
of one hundred calls each was 39 milliseconds, 
while the expectation for such lots, including the 
various sources of errors, would be 29 milliseconds. 


To check further the validity of the theory, the 
scanning interval u was reduced to 100 millisec- 
onds; thus a difference of 50 milliseconds was 
expected. From a similar series of tests the average 
difference was 51 milliseconds. 


Another series of tests were made, with 1800 
artificial random calls exponentially distributed 


about an average holding time of 3.76 second: 
using again a 167-millisecond scanning interva'. 
The average difference was 124 milliseconds com- 
pared with 117 milliseconds expectation; and th: 
standard deviation of the average differences in 
each test was 10 milliseconds compared with 12 
milliseconds expectation. 


Finally, the holding times of 340 telephone calls 
divided into five lots, were found to have a mea- 
sured average of 60.5 seconds. The average differ- 
ence was 96 milliseconds compared with 117 milli- 
seconds expectation; and the standard deviation 
was found to be 26 milliseconds as compared with 
28 milliseconds expectation. This average differ- 
ence is not as close as the previous one, but con- 
sidering the magnitude of the standard deviation 
may still be considered satisfactory. Furthermore, 
the average of each lot was consistently higher 
than the true measured average holding time of 
the same lot, suggesting the existence of a syste- 
matic positive error which conforms with the sig- 
nificance of the theory. 
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